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BIOCHEMISTRY .—A bioassay of some stereoisomeric constituents of allethrin. 
W. A. GersporFr and Norman Mituin, U.S. Bureau of Entomology and 


Plant Quarantine. 


In the study of the toxicity of pyrethroids 
in relation to chemical structure it has been 
of interest to determine the effect, if any, 
of differences in the arrangement of the 
atoms in the molecule. The relative toxicity 
of position isomers has been touched upon 
only with a comparison of two esters differ- 
ing in point of attachment of the acyl group 
to the cyclopentenolone nucleus (LaForge 
et al., 1948), two pairs of esters differing in 
position of the double bond in the butenyl 
side chain (LaForge et al., 1948; Gersdorff, 
1949a), two monochloro derivatives of al- 
lethrin (Gersdorff and Mitlin, 1951), and 
three pairs of esters of different cyclopro- 
panecarboxylic acids (LaForge et al., 1952). 

Most of the available isomers have dif- 
fered only in spatial configuration. In tests 
with the pyrethrins and cinerins no differ- 
ences in relative toxicity were demonstrated 
between the esters formed from the same 
d-trans acid with the d-cis and dl-cis forms 
of the same pentenolone (Gersdorff, 1947). 
Appreciable differences in toxicity were 
found, however, when there were differ- 
ences in optical activity in the acid com- 
ponent, whether the cyclopentenolone pos- 
sessed the 2-butenyl side chain (Gersdorff, 
1949a) or the allyl side chain (Gersdorff, 
1949a, b; Elliott et al., 1950; Fales et al., 
1951; LaForge et al., 1952). No differences 
in toxicity were found between the esters of 
the cis and trans forms of the acid compo- 
nent, whether the cyclopentenolone pos- 
sessed the 2-butenyl or the allyl side chain 
(Gersdorff, 1949a). However, only small 
amounts of the acids were available for the 
preparation of the esters (Schechter et al., 
1949), so that there was some question of 
their purity (Gersdorff and Mitlin, 1951); 


313 


therefore, small differences in their toxicity, 
otherwise measurable, could have heen 
missed. 

A similar interest has continued in the 
studies with the stereoisomeric constituents 
of allethrin (dl-2-allyl-4-hydroxy-3-methyl- 
2-cyclopenten-1-one—that is, dl-allethrolone 
—acylated with a mixture of cis and trans 
dl-chrysanthemum monocarboxylic acids). 
Information on their relative toxicities and 
contents in allethrin would be of consider- 
able importance. Allethrin may be con- 
sidered a mixture of four racemic pairs of 
isomers, two being esters of the cis form of 
the acid and two of the trans form. 

In 1950 chemists in the Bureau of Ento- 
mology and Plant Quarantine prepared the 
cis and trans fractions in nearly pure condi- 
tion and in quantities adequate for extensive 
tests. A study was therefore undertaken to 
determine under these improved conditions 
the relative toxicities of the two fractions 
and of allethrin itself and to estimate by 
means of these values the amounts of the 
two in allethrin. By cooling distilled allethrin 
the chemists also obtained a crystalline com- 
pound which they identified as one of the 
racemic trans pairs and designated the a-dl- 
trans isomer of allethrin. A sample (A) of 
this compound was included in the study. 

In 1951 one of the manufacturers of al- 
lethrin submitted to the Bureau a crystalline 
compound (sample C) obtained by holding 
commercial allethrin at 4° C. and found to 
be identical chemically with the Bureau’s 
sample of the a-dl-trans isomer (Schechter 
et al., 1951). Another series of tests was 
made to compare the two products insec- 
ticidally, this time a newly prepared sample 
(B) from the distilled allethrin being used. 
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The oil obtained from the filtrate from the 
a-dl-trans isomer, designated the 6-dl-trans 
isomer, was included in this series. 

Materials.—Thus four new materials were 
available for comparison of toxicity—the 
mixture of the two dl-cis isomers, the mix- 
ture of the two dl-trans isomers, the a-dl- 
trans isomer, and the £-dl-trans isomer. The 
term ‘‘isomer’’ refers in each case to a pair 
of optical isomers. The first two mixtures 
were about 95 percent pure. The sample of 
the a-dl-trans isomer was pure. The £6-dl- 
trans isomer contained about 5 percent of 
dissolved a-dl-trans isomer. The a-dl-trans 
isomer was represented by three separately 
prepared samples (A, B, and C). Two mix- 
tures of the dl-cis and dl-trans fractions in 
the proportions 3:7 and 1:1 were also pre- 
pared. A distilled sample of allethrin, ana- 
lyzing 95 percent by the hydrogenolysis 
method, and a sample of pyrethrins, 52 per- 
cent of which consisted of pyrethrin I and 
cinerin I (A.O.A.C. method), were used as 
standards of comparison. 

Sprays of these materials were prepared 
by dissolving them in refined kerosene at 
concentrations selected according to pre- 
liminary tests. 

Evaluation of relative toxicity—The 
method of assay was based on the compari- 
son of the relative toxicities of the compo- 
nents of a mixture with the relative toxicity 
of the mixture. These values were obtained 
from replicated tests at four concentrations 
made with the Campbell turntable. The test 
insect was the laboratory-reared adult house 
fly (Musca domestica L.). Approximately 100 
flies, averaging 2 to 3 days in age, were used 
in each test. Knockdown and mortality are 
summarized in Table 1. The results are ar- 
ranged in two series, each giving the means 
obtained with a different group of seven 
populations of flies. Tests with all materials 
in each group were made simultaneously. 

Methods of probit analysis described by 
Finney (1947) were used to fit the regression 
lines to the mortality data and to estimate 
the LC 50 and its standard error for each of 
the materials. The estimations are given in 
Table 2. Relative toxicity is calculated as 
the inverse ratio of LC 50’s. The equations 
for the lines showing the regression of mor- 
tality, expressed in probits, on concentration 


in milligrams per deciliter, expressed as loga- 
rithms, are as follows: 


Series 1: 
dl-cis isomers Y = 2.902X — 0.7654 
dl-trans isomers Y = 2.902X — 0.2010 
Mixtures of di-cis and dl-trans 
isomers: 
3:7 Y = 2.902X — 0.3823 
1:1 Y = 2.902X — 0.4390 
Allethrin Y = 2.902X — 0.5684 
a-dl-trans isomer, sample A Y = 3.722X — 4.0297 
Pyrethrins Y = 2.384X — 0.7338 
Series 2: 


a-dl-trans isomer. 
Sample B Y = 3.241X — 2.8675 


Sample C Y = 3.241X — 2.8706 
8-dl-trans isomer Y = 2.690X + 0.2439 
Allethrin Y = 2.499X + 0.0583 
Pyrethrins Y = 2.479X — 0.8047 


In series 1 the slopes of the individually 
fitted lines with their standard errors were, 
respectively, 2.814+0.097, 2.952+0.095, 
2.678+0.093, 3.054+0.099, 3.050+0.101, 
3.722+0.118, and 2.384+0.088 probits per 
unit log concentration. The results with the 
cis and trans fractions and their mixtures 
could be fitted with parallel lines, so this 
was done as their equations above show, the 
generalized regression coefficient being 
2.902+0.043. The slopes of the lines for the 
a-trans isomer and pyrethrins were signifi- 
cantly different, however, so their individual 
equations are given. 

In series 2 the individual slopes with their 
standard errors were, respectively, 3.386+ 
0.112, 3.109+0.107, 2.690+0.093, 2.499+ 
0.093, and 2.479+0.094. The data for the 
two samples of the a-trans compound could 
be fitted by parallel lines with a generalized 
regression coefficient of 3.241+0.077. The 
slopes for the three other materials are sig- 
nificantly different from those for the a-trans 
samples but not among themselves. How- 
ever, the slope for allethrin is usually slightly 
greater than that for pyrethrins when com- 
pared by this method. Therefore, it was 
thought best to use the individually fitted 
lines for these three materials. That these 
lines will show more nearly true relation- 
ships may be seen if allethrin, the a-trans 
isomer, and pyrethrins are compared by 
means of LC 50’s in the two series. The 
difference in relative susceptibility of differ- 
ent populations of flies has resulted in 
greater variation in the measurements with 
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pyrethrins. Therefore, differences in relative 
toxicity values involving pyrethrins are due 
essentially to the measurements made with 
that insecticide. 

Assay.—To estimate the amounts of com- 
ponents in a mixture by means of relative 
toxicity, it is necessary to determine equiva- 
lents and to assume or establish that the 
joint action of the components is of the 
similar type as defined by Bliss (1939). It 
does not seem likely that synergistic or an- 
tagonistic action will occur in mixtures of 
components so nearly alike structurally. In 
the three mixtures of the cis and trans frac- 
tions there can be no pronounced action of 
either of these types. As shown by the LC 
50’s in Table 2, by the equations, or indeed 
by the mortalities in Table 1, the toxicities 
of these mixtures fall between those of the 
individual fractions, in themselves not 
greatly different in toxicity. If one of the 
fractions is chosen as a standard of com- 
parison and the insecticide equivalents in 
terms of this standard calculated for the 
LC 50’s of the two prepared mixtures, it 
will be found that they do not differ greatly 
from the standard. This was done in Table 2 
with the cis fraction as the standard. 

To find whether there was a significant 
departure from similarity, the relative tox- 
icity On the equivalent basis was deter- 
mined. This is also given in Table 2, together 
with its logarithm, since tests of significance 
are properly made on the log concentration 
scale. When these log ratios are compared 
with the minimum log ratio required to 
demonstrate synergism or antagonism, it is 
seen that there is no difference from simi- 
larity in the action of these components 
when mixed. 

If the joint action is similar one compo- 
nent may be substituted for the other in a 
constant ratio without altering the toxicity 
of the mixture. The percentage composition 
of the two fractions in the sample of allethrin 
used may therefore be calculated on the ba- 
sis of their relative toxicities. Thus, the sum 
of the equivalents of the components would 
equal the equivalent of the mixture, stated 
as a general equation as follows: 


pR.e+ (1 — p)R:t = Rn 


in which p, is the proportion of the cis frac- 
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TABLE 1.—KNOCKDOWN AND Morra.ity oF House 
Fires CAUSED BY CONSTITUENTS OF ALLETHRIN 
AND THEIR MIXTURES IN KEROSENE SPRAYS 


All tests replicated 7 times 





} Knock- | Mor- 
| Concen-} down | tality 





Material tration in 25 in 1 
minutes day 
ie Percent | Percent 
Serres 1; 

dl-cie isomers | 2.0 100 | 83.8 
1.0 100 50 0 
| 0.5 99.7 | 14.8 
| .25 997 | 8.4 
dl-trans isomers 2.0 100 =| (93.0 
1.0 100 | «(72.5 
0.5 100 41.0 
25 100 11.2 

Mixtures of dl-cis and dl-trans 

isomers: | 
3:7 2.0 100 90.9 
10 100 61.0 
05 100 32.9 
25 98 7 12.7 
1:1 2.0 100 89.4 
1.0 100 69.5 
0.5 100 24.9 
25 97 1 8.8 
Allethrin 2.0 100 86.2 
1.0 100 62.7 
0.5 99.9 25.4 
| 25 98.9 4.8 
a-dl-trans isomer, sample A 8.0 100 97.2 
4.0 100 75.1 
2.0 99.9 26.8 
1.0 99.0 8.2 
Pyrethrins | 8.0 | 100 | 88.4 
4.0 100 | 68.3 
2.0 100 39.3 
| 18 100 17.2 
Serres 2: 
a-dl-trans isomer: 

Sample B | 8.0 99.0 95.4 
4.0 | 100 74.8 
20 97.7 25.2 
1.0 95.0 10.9 
Sample C 8.0 100 94.4 
4.0 98.9 72.9 
2.0 99.1 24.5 
1.0 90.1 13.7 
8-dl trans isomer 2.0 100 90.6 
1.0 100 74.1 
0.5 99.7 48.0 
25 98.4 12.8 
Allethrin 2.0 | 100 | 80.3 
1.0 100 50.9 
0.5 99.4 22.9 
25 91.6 | 8.5 
Pyretbrins 8.0 100 94.9 
4.0 100 69.3 
2.0 100 45.2 
1.0 100 21.7 
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tion and R., R,, and R,, are the respective 
toxicity ratios of the cis and trans fractions 
and the mixture. The ratios may be relative 
to any standard, but if based on allethrin the 
values given in Table 2 may be introduced 
as follows: 


pe 0.85 + (1 — p.) 1.33 = 1.00 


from which p. = 0.69 and 1 — p. = 0.31. 
Thus, according to this bioassay the cis iso- 
mers comprised about 69 percent and the 
trans isomers about 31 percent of the sample 
of allethrin used in this study. 

The use of relative toxicities in such an 
assay may be tested by substituting the 
appropriate values for the two prepared 
mixtures in the above equation, as follows: 

For the 3:7 mixture, p,. 0.85 + (1 — p.) 
1.33 = 1.16, from which p, = 0.35. 

For the 1:1 mixture, p. 0.85 + (1 — p.) 
1.33 = 1.11, from which p, = 0.46. 

The differences from the actual propor- 
tions of the cis fraction used in the mixtures, 
0.30 and 0.50, are within experimental error. 

In series 2 the assay of the a-dl-trans and 
6-dl-trans isomers may proceed in the same 
fashion, since the two together form the 
total trans fraction. However, in this case 


similar action is assumed since no prepared 
mixtures were tested. Since the 6-dl-trans 
fraction tested still contained about 5 per- 
cent of the a-dl-trans isomer, a correction 
for this should first be made. The substi- 
tuted equation for the correction is 


0.05 X 0.35 + 0.95 K Rs = 1.62 


from which Rg (the ratio of toxicity of the 
pure 6-dl-trans isomer) is 1.69. Now the 
proportion of the two isomers may be ob- 
tained from the substituted equation, p. 
representing the proportion of a isomer 


Pa 0.35 + (1 — pa) 1.69 = 1.33 


from which pz = 0.27 and 1 — pa = 0.73. 
Thus, 27 percent of the dl-trans fraction 
consisted of the a isomer and 73 percent the 
8 isomer. Since the trans fraction was only 
31 percent of allethrin, the two isomers 
comprised 8 and 23 percent of allethrin, 
respectively. 

Discussion.—In the present study with 
materials of 95 percent purity, the trans 
fraction was shown to be 1.56 as toxic as the 
cis fraction. This ratio, obtained in the com- 
parison of the separate materials, is sub- 
stantiated by the relative toxicities deter- 


TABLE 2.—RELATIVE Toxicity OF SOME CONSTITUENTS OF ALLETHRIN AND THEIR DERIVED CONTENT 

















IN ALLETHRIN 
Sich ADEE . niente 
LC 50 Toxicity Relative to— | | 
mag aie aie“) aR am rs 7 BI “ Content 
Material | : <r -cis atio of | in 
Original a, ——. Isomers /|Equivalents| Allethrin 
Basis Equiv gi Equivalent | 
“quivalent Basis nate | 
= Re ne ee = aos 0 ESE. Meets. se ae se eer 
| | 
mg perdl | mg perdl | | percent 
Series 1: 
dl-cis isomers 97.0+2.3 | 97.0 | 0.85 1.0 — } 69+5 
dl-trans isomers 62.14 1.4 — 1.33 — — | 345 
Mixtures of dl-cis and dl-trans isomers: 
3:7 71.5 + 1.7 99.5 1.16 (1.19)! 0.975 —0.011 — 
1:1 | 74.8 + 1.6 95.7 1.11 (1.09) 1.014 0.006 _ 
Allethrin 82.9 + 1.8 — | 1.0 _ — — 
a-dl-trans isomer, sample A 266.5 + 5.1 —- | 0.31 _ | _ | 7+ 
Pyrethrins 254.0 + 6.6 — 0.33 — — | — 
Series 2: | 
a-dl-trans isomer: 
Sample B 267.845.6 | — | 0.35 Se og 7+ 1° 
Sample C 268.4 + 6.0 _ 0.35 — | - 7+? 
B-dl-trans isomer 58.6 + 1.4 — | 1.62? _— — 24+1 
Allethrin 94.9 + 2.5 — 1.0 _— -- = 
Pyrethrins 219.5 + 5.8 | 0.43 i _ ! -_ | - 
+0.030 | — 


Minimum required to demonstrate synergism or antagonism 








1 Figures in parentheses calculated for similar action. 


2 When corrected for the presence of 5 percent of a-dl-trans isomer in the 8-dl-trans fraction, the relative toxicity of 100 percent 


B-trans isomer becomes 1.69 and the content figures 8 and 23 percent. 
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mined for the two prepared mixtures. This 
substantiation is very readily shown by sub- 
stituting the appropriate values in the gen- 
eral equation above and using for them the 
toxicities relative to the cis fraction. These 
ratios are not given in Table 2, but are easily 
obtained from the LC 50 values. Thus, the 
ratio for the 3:7 mixture is 1.36 and for the 
1:1 mixture 1.30. The equations then be- 
come as follows: 
For the 3:7 mixture, 0.3 X 1.00 + 0.7R, 

= 1.36, and R,; = 1.51 
For the 1:1 mixture, 0.5 X 1.00 + 0.5R, 

= 1.30, and R; = 1.60 
These two indirect estimations of the rela- 
tive toxicity of the trans fraction agree well 
with the direct estimation. 

In series 2 the samples of the a-dl-trans 
isomer prepared at different laboratories are 
shown to be toxicologically identical. When 
these results are compared with the results 
obtained with an earlier preparation against 
different populations of flies in series 1, the 
agreement is still good. The significantly 
higher regression coefficient for this com- 
pound shows that mortality caused by it 
increased more rapidly with concentration 


‘than did that caused by pyrethrins. There- 


fore, although the two toxicants had about 
the same range of effective concentrations, 
equal mortalities were not obtained through- 
out the course of toxic action. However, at 
the 50 percent mortality level the two mate- 
rials were about equally toxic. This relation- 
ship, the relatively simple chemical nature 
of the a-dl-trans isomer with the accom- 
panying assurance of high purity and uni- 
formity, the greater ease of handling, and 
the probably greater stability suggest that 
this compound may serve as a welcome sub- 
stitute for pyrethrins as a standard for fly 
sprays. 

The mixed ester formed by the acylation 
of racemic allethrolone with /-trans chrysan- 
themum monocarboxylic acid has _ been 
found to have little toxicity to house flies 
in comparison with allethrin (4 percent, 
LaForge et al., 1952). Even this may be 
due to a slight impurity, so that for prac- 
tical purposes the allethrin equivalent of the 
mixed ester may be considered zero. There- 
fore, unless there is a mutually masking, 
antagonistic joint action, which is unlikely, 


GERSDORFF AND MITLIN: CONSTITUENTS OF ALLETHRIN 317 


the two optical isomers in the ester—that is, 
the /-trans acid with d-allethrolone and with 
l-allethrolone—must have allethrin equiva- 
lents of zero. Now the a-dl-trans isomer is 
one of two optical pairs—d-trans acid with 
d-allethrolone plus l-trans acid with l-al- 
lethrolone, or d-trans acid with /-allethrolone 
plus l-trans acid with d-allethrolone—and 
the §-dl-trans isomer is the other pair 
(Schechter et al., 1951). These two pairs 
have been found in this study to have al- 
lethrin equivalents of 0.35 and 1.69. But one 
isomer in each pair, as deduced above, is 
nontoxic. Therefore, the remaining two iso- 
mers—d-trans acid with d-allethrolone and 
with /-allethrolone—have allethrin equiva- 
lents twice those for the mixtures, or 0.70 
and 3.38. The more toxic isomer, if sepa- 
rated, would be the most toxic pyrethroid 
known, about 10 times as toxic as natural 
pyrethrins. If these two isomers were mixed 
to give the esters that would be formed by 
the acylation of racemic allethrolone with 
the d-trans acid, in equal proportion, this 
mixture would have an allethrin equivalent 
of 2.04, for 


0.5 X 0.70 + 0.5 X 3.38 = 2.04. 


This value has been demonstrated in 
actual tests with such a mixture. In four 
comparisons by the same method as used in 
the present study (Gersdorff, 1949b, and un- 
published data), representing a total of 32 
replications at four concentrations for each 
material, the estimations of the allethrin 
equivalent of a prepared ester of d-trans 
acid with dl-allethrolone were 1.98, 2.15, 
2.01, and 2.04. 

The ratio of toxicity of allethrin to py- 
rethrins in the first series, 3.06, was close to 
the mean of evaluations by this method, 
but in the second series this ratio, 2.31, was 
the lowest ever obtained with five or more 
replications at several concentrations for 
each insecticide. 

It is shown in Table | that all the sepa- 
rated constituents of allethrin caused high 
knockdown of flies at the concentrations 
used, knockdown value in general parallel- 
ing toxic value. 

Summary.—A bioassay of stereoisomeric 
constituents of allethrin was made by means 
of an evaluation of their relative toxicity 
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and that of their mixtures. The materials 
were applied as contact insecticides in re- 
fined kerosene on the Campbell turntable. 
The house fly (Musca domestica L.) was 
used as the test insect. 

The dl-trans fraction of ailethrin was 1.56 
as toxic as the dl-cis fraction. The toxic ac- 
tion of the two fractions when applied in 
mixtures was identified as similar action. 

The trans fraction was 1.33 and the cis 
fraction 0.85 as toxic as the sample of al- 
lethrin used. On this basis the cis isomers 
comprised about 69 percent and the trans 
isomers about 31 percent of allethrin. 

A crystalline compound separated from 
the trans fraction was only 6.35 as toxic as 
allethrin and constituted 8 percent of that 
insecticide. The remainder of the trans frac- 
tion was 1.69 as toxic as allethrin and con- 
stituted 23 percent of that insecticide. 

It is deduced that half of each portion of 
the trans fraction is relatively nontoxic and 
that, of the remaining two isomers, d-trans 
acid with d-allethrolone and d-trans acid 
with /-allethrolone, one is 0.70 and the other 
3.38 as toxic as allethrin. 

All the separated constituents possessed 
high knockdown value. 
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PALEONTOLOGY .—New specie: of Lecanocrinus. HARRELL L. StrimMpue, Bar- 
tlesville, Okla. (Communicated by Alfred R. Loeblich, Jr.) 


Much of the material used in the present 
study has been made available through the 
generosity of Drs. G. A. Cooper and A. R. 
Loeblich, of the U. S. National Museum, 
and Richard Alexander, at present a student 
at the University of Oklahoma. One rare 
specimen from the Haragan formation was 
collected by Mrs. Beverley Graffham on the 
occasion of the first field trip by herself and 
her husband, Allen Graffham, to the old 
Hunton town site under the guidance of 
Richard Alexander. Numerous specimens 
from the Henryhouse formation have been 


collected by the author and his wife, Mrs. 
Melba Strimple. 

The three most distinctive forms of 
Lecanocrinus found in the Henryhouse for- 
mation are described as new species: L. brevis, 
L. erectus, and L. invaginatus. One form from 
the Brownsport (Lobelville) formation is de- 
scribed as L. lindenensis, n. sp. The Haragan 
form is described as Lecanocrinus huntonen- 
sis, N. Sp. 

Abbreviations are given in the first syste- 
matic description below and are used there- 
after without explanation. 
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Genus Lecanocrinus Hall 
Lecanocrinus brevis, n. sp. 
Figs. 13-17 


Dorsal cup broad, robust, bowl-shaped, with 
shallowly concave base. Lower portions of basals 
(BB) as well as the three infrabasals (IBB) 
occupy the basal concavity. BB are five large 
plates which reach a height of 5.7 mm above the 
basal plane of the cup. Radials (RR) are five 
broad pentagonal plates which curve sharply 
inward before contacting the first primibrachials 
(PBrBr). The general contour of each radial 
plate is more or less flattened, whereas most 
species referred to the genus have gentle to strong 
curvature. Two low ridges and subsequently 
formed grooves pass from each basal to the 
adjoining radials. Adsutural areas of BB and RR 
are slightly raised, which condition continues 
onto the arms. Posterior interradius (post. IR) is 
occupied by a rather large, obliquely placed 
radianal (RA) and a broad anal X. The area 
about and including RA is strongly protruded. 
Conversely, anal X is sharply depressed in upper 
midsection. Anal X has a broad contact with 
posterior basal (post. B) and has very irregular 
lateral sides, particularly near the summit where 
right and left posterior radials and arms are en- 
deavoring to regain width, which is lost in 
proximal portions to the large anal plates. The 
right posterior is the more successful in this 
respect and develops next to the largest arm of 
the crown. 

The broad arms form a completely closed dome 
over the body cavity. Those of the right posterior, 
right anterior, and left anterior are broader and 
longer than the anterior and left posterior. This 
condition is reflected in the width of the RR with 
the exception of the right posterior where addi- 
tional width is gained by encroachment upon the 
right distal edge of anal X. The left anterior ray 
is the most dominant, and the right anterior is 
slightly smaller than that of the right posterior. 
First bifurcation takes place with the second 
primibrachials in all rays; however, in the holo- 
type it is the third primibrachial (PBr) that is 
axillary. The lateral edges of all arms are raised 
to form low ridges. In all rays except the anterior 
there is normally a second bifurcation ith the 
third or fourth secundibrachials. 

Surface ornamentation is absent other than 
previously noted ridges and grooves. The proxi- 
mal columnals are round and small. 
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Measurements (in mm).— 


Holotype 
Height of crown baling . 22.0 
Height of dorsal cup ; . 6.9 
Maximum width of cup : ae 
Width of cup at summit (anterior to posterior) 22.7 
Maximum width of IBB circlet : . 8.0 
Length of r. ant. B : woe 
Width of r. ant. B . 10.5* 
Length of r. ant. R... ; 8.9° 
Width of r. ant. R 13.5* 
Length of RA... : 7.2 
Width of RA 6.9 
Length of anal X.. ; 10.9 
Maximum width of anal X.. 8.1 


* Measurements taken along curvature of plates. 


Remarks.—Among described species of the 
genus, only two are reported to have a strong 
tendency toward development of raised ridges. 
These are L. angulatus Springer (1920) and L. 
bacchus (Salter) (1873), which both have upflared 
IBB, readily visible in side view of the dorsal 
cup. L. soyet Oehlert (1882) has an outline of dor- 
sal cup comparable to that of L. brevis. It is a 
smaller species of lower Devonian age having a 
strongly granular surface. 

The broad bowl-shaped dorsal cup and the 
unusual ridges and grooves are sufficiently dis- 
tinctive to separate L. brevis from other known 
species. 

Occurrence.—Upper Henryhouse formation, Si- 
lurian; holotype collected by Richard Alexander, 
NW/4SW/4 section 4, T. 2 N., R. 6 E., paratype 
SW /4 NW/4 NW /4 section 33, T.3 N., R.6E., 
two paratypes (crowns) collected by A. R. Loeb- 
lich, Jr., and W. E. Ham near the center NE/4 
SW /4 section 10, T. 2 N., R. 6 E., one paratype 
collected by Melba Strimple in NW/4 SW/4 
section 4, T. 2 N., R.6E., all in Pontotoe County, 
south of Ada, Okla. 

Types.—To be deposited in the U. S. National 
Museum. 


Lecanocrinus erectus, n. sp. 
Figs. 9, 10 


This species, known from specimens having 
complete dorsal cups and the first few brachials 
of the arms, is one of the largest observed in the 
Henryhouse formation. Three IBB form a flat- 
tened base, mildly impressed in midsection for 
reception of the proximal columnals. Distal por- 
tions of IBB are upflared and are readily visible 
in side view of the cup. Expansion of the cup is 
rather rapid to above midheight, thereafter it is 
slowly expanded to just below distal extremity 
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where there is a mild constriction. Above the 
IBB circlet, there are five BB, five large RR, one 
RA and one anal X. The radials are irregular in 
width and have somewhat flattened profiles. In 
the holotype, that of the right posterior has a 
width of 11.7 mm; right anterior, 13.6 mm; 
anterior, 11.8 mm; left anterior, 15.4 mm; and 
left posterior, 11.2 mm. RA is small and has the 
form of a regular quadrangle. Anal X is large 
and elongated and extends only a short distance 
above the cup summit. Raised ridges originate 
in the center of each basal and pass to adjoining 
radials where they meet just above midheight of 
the plates. In the post. IR, additional ridges are 
found. A third ray passes from r. post. R to RA 
and continues onto anal X. The-vight ray of post. 
B passes to anal X and a third ray passes to RA 
and continues onto r. post. R. In addition to the 
above ridges, there is a swelling along the sutures 
just above midheight of the RR. The area about 
and including the RA is protruded. Median por- 
tion of anal X is decidedly concave. Both r. post. 
and |. post. RR sacrifice width to the anal plates, 
but near the summit of the cup they regain a 
large portion of their width at the expense of 
anal X. 

First primibrachials. are low, wide elements; 
the second PBrBr are low and axillary. In the 
holotype, the right and left posterior axillary 
PBrBr have no posterolateral sides but have 
normal lateral sides to the anterior. This arrange- 
ment would allow first and second SBrBr to con- 
tact the distal extremity of anal X. Articulating 
facets of the radials and brachials are very re- 
stricted in length. A tendency toward swelling has 
been noted in proximal portions of the lateral 
sides of brachials, indicating raised ridges com- 
parable to those found in L. brevis. 

Measurements (in mm).— 


Holotyte Paratype 
Height of dorsal cup 16.1 16.0 
Maximum width of dorsal cup 22.3 23.3 
Height of IBB above basal plane ? 2.0 
Height of BB above basal plane 9.0 10.5 
Maximum width of IBB circlet 8.0 9.6 
Length of r. ant. B 9.5° 10.3* 
Width of r. ant. B ; 10.0* 10.3* 
Length of r. ant. R 9.6* 10.0* 
Width of r. ant. R 13.6* 14.0° 
Length of RA 6.0 6.4 
Width of RA... j 6.0 5.1 
Length of anal X 11.2 9.8 
Maximum width of anal X 8.8 6.7 


* Measurements taken along curvature of plates. 


Remarks.—This species appears to be more 
closely related to L. brevis than other described 


species; however, the general outline of the cup 
is somewhat comparable to that of L. soyei 
(Oehlert) (1882). The later is a lower Devonian 
species of small size and has a decidedly granular 
surface. In L. brevis the ridge like structures are 
doubled and adjacent grooves are present. The 
tendency toward swelling along sutures is more 
widespread in L. brevis but is nevertheless found in 
the upper portion of the cup in L. erectus. The 
two species are quite different in shape of cups. 

Occurrence -—Upper Henryhouse formation, Si- 
lurian; holotype and one paratype collected by 
Richard Alexander in SW/4 NW/4 NW/4 sec- 
tion 33, T. 3 N., R. 6 E., measured paratype by 
A. R. Loeblich, Jr., in exposure along east side of 
road in bluff NW/4 SW/4 section 4, T. 2 N., 
R 6 E., Pontoto¢é County, south of Ada, Okla. 

Types.—To be deposited in the U.S. National 
Museum. 


Lecanocrinus lindenensis, n. sp. 
Figs. 5-8 


The large dorsal cup is turbinate-shaped with 
upflared IBB visible in side view of cup. The 
surface is mildly granular and sutures are slightly 
impressed. Five BB are of equal width and height. 
Five RR are only slightly wider than high. RA 
is a small quadrangular plate, obliquely placed 
at the lower right hand corner of the long anal 
X. Anal X has an even width within the cup 
and extends a short distance into the interbrachial 
area where it terminates in a point. There is a 
slight depression just below the termination, 
smaller but similar to that found in L. brevis and 
L. erectus. First primibrachials are nonaxillary 
and are very low elements. 

Measurements (in mm).— 


Holotype 
Height of dorsal cup bivcettec’ 8.9 
Maximum width of cup. : ah 13.2 
Height of IBB above basal plane. . 0.9 


Maximum width of IBB circlet 
Height of BB above basal plane... . 
Length of r. ant. B . 

Width of r. ant. B 

Length of r. ant. R 

Width of r. ant. R 

Length of RA 


~1 
. 


Width of RA 4 
Length of anal X 6.2 
Maximum width of anal X 4.4 


* Measurements taken along curvature of plates. 


Remarks—The elongated cup with mildly 
granular surface, slight constriction at summit, 
and upflared IBB of L. lindenensis provides differ- 
entiation from other described species. Elongated 
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Fics. 1-4.—Lecanocrinus invaginatus, n. sp.: Holotype viewed from right posterior, anterior, base, 
and summit (posterior at top), X 1.6. Fias. 5-8.—Lecanocrinus lindenensis, n. sp.: 5-7, Holotype viewed 
from anterior, base (posterior at top), and right posterior, X 1.6; 8, paratype viewed from summit 
(posterior at top), X 1.6 Fires. 9, 10—Lecanocrinus erectus, n. sp.: Holotype viewed from anterior 
and posterior, X 1.6. Fries. 11, 12—Lecanocrinus huntonensis, n. sp.: Holotype viewed from base and 
posterior, X 2. Fics. 13-17.—Lecanocrinus brevis, n. sp.: 13-16, Holotype viewed from summit (pos- 
terior at top), anterior, base, and posterior, X 1.6; 17, paratype viewed from left posterior, x 1.4. 
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RR and somewhat prominent BB suggest affinity 
with L. fascietatus (Angelin) (1878), and L. 
huntonensis, n. sp. The former species apparently 
has no tendency toward constriction at the sum- 
mit of the cup and the anal plate is almost en- 
tirely within the dorsal cup. The later species has 
more pronounced surface ornamentation, more 
acute termination of anal plate, more deeply im- 
pressed sutures, and IBB not visible in side view 
of cup. 

L. erectus is a larger species with somewhat 
comparable cup outline if angulation is disre- 
garded. It is different in that radial plates are 
proportionately wider, there is no surface granu- 
lation, impressed sutures are absent and the RR 
are more irregular in width in Lrerectus. 

Occurrence.—Brownsport (Lobelville) forma- 
tion, Silurian; holotype and three paratypes col- 
lected by A. R. Loeblich in road cuts on north 
side of Short Creek, North-central Rectangle, 
Linden Quadrangle, TVA 32 SE, east of Linden, 
Tenn. 

Types.—To be deposited in U. S. Nat. Museum. 


Lecanocrinus invaginatus, n. sp. 
Figs. 1-4 


Dorsal cup truncate bowl-shaped with concave 
base. IBB are restricted to the basal invagina- 
tion. BB are five normal plates having width 
equal to length except where affected by the 
additional plates of the posterior interradius. RR 
are pentagonal and only slightly wider than long. 
RA is very small, quadrangular and is obliquely 
placed at the lower right corner of anal X. Anal 
X is unusually long and narrow. There is no ten- 
dency toward strong tumididity, raised ridges or 
impressed sutures in the dorsal cup. 

The arms are broad and occupy an area almost 
equal to that of the dorsal cup. In the holotype, 
first bifurcation takes place with the second 
PBrBr in all rays except the left posterior, wherein 
the first PBr is axillary. In the larger rays of the 
right posterior, right anterior and left anterior 
there is another bifurcation with the second 
secundibrachials in all rays. Yet another branch- 
ing occurs in the inner rays only of the left ante- 
rior rami on the third tertibrachials (TBrBr). In 
the arms of the right posterior only, the right rami 
are long enough to accomodate more than three 
brachials above the second dichotomy and the 
third TBr of the inner ray is axillary. The rami 
of the right anterior, anterior and left posterior 
terminate with the third TBrBr. 


Measurements (in mm).— 


Holotype 
Height of crown : 5 ‘eT. 
Height of dorsal cup asin Sas boleh oes anas on Ge 
Maximum width of dorsal cup. ..... ie Sad vee ae 
Maximum width of cup at summit «dae ee 
Length of r. ant. R ib baboaK shut 6.3* 
Width of r. ant. R eae 9.0* 
Length of r. ant. B F oc buon ae 
Width of r. ant. B Ke dcbsteed 
Length of RA..... inias evaaacoeeee . 2.6 
Width of RA......... a : 2.6 
Length of anal X..... : veteleude. ae 
Maximum width of anal X SAnddires diy eae ante 5.2 
Height of BB above basal plane.................. 6.9 


* Measurements taken along curvature of plates. 


Remarks.—L. invaginatus appears to be com- 
parable to L. pusillus (Hall) (1863) and L. pisi- 
formis (Roemer) -(1860). The concave nature of 
the basal area most readily distinguishes it from 
those species as well as the narrow, elongated 
nature of the anal X. L. meniscus Springer (1920), 
has a broad base with IBB covered by the proxi- 
mal columnals, but the sutures of that species 
are sharply impressed and the mode of arm 
branching is different above the first dichotomy. 

Occurrence.—Upper Henryhouse formation, Si- 
lurian; Holotype and one paratype collected by 
the author in the NE/4 SW/4 section 10, T. 2 
N., R. 6 E., Pontotoc County, south of Ada, 
Okla. 

Types.—To be deposited in the U. 8. National 
Museum. 


Lecanocrinus huntonensis, n. sp. 
Figs. 11-12 


Dorsal cup truncate bowl shaped. Three un- 
equal IBB form a small subhorizontal basal 
platform, the median portion of which is sharply 
depressed. The smaller IB is right posterior in 
position. Five BB are rather small, hexagonal 
except in the posterior interradius where addi- 
tional facets are necessary for reception of the 
two anal plates. Five RR are large, long, pentag- 
onal piates. RA is a small quadrangular element 
in oblique position to the lower right of anal X 
which plate is long with even width and an 
acute distal termination. Sutures of cup plates 
are impressed. 

Fragmentary portions of the arms consist of 
low nonaxillary PBrBr in all rays except the 
anterior which is missing from the IBB circlet 
upward. In the right and left posterior there are 
low axillary second PBrBr and a few secundi- 
brachials. 
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The entire surface of this specimen is covered 
by medium pustules which tend to become con- 
fluent and form minute ridges. 

Measurements (in mm).— 


Holotype 
Height of dorsal cup..... shin etd nde ode 7.1 
Maximum width of cup ee Se vn esd kde ha 
Maximum width of cup at summit ; ie si, 
Maximum diameter of IBB circlet Hepa 3.7 
Length of r. ant. B 5.0° 
Width of r. ant. B 5.0* 
Length of r. ant. R 5.5* 
Width of r. ant. R . &F 
Length of RA... ; ‘ 2.2 
Width of RA satya . ae 
Length of anal X iaseeveiden ae 
Maximum width of anal X . 3.2 
Height of BB above basal plane 3.7 


* Measurements taken along curvature of plates. 


Remarks.—L. fascietatus (Angelin) has an 
appearance more comparable to L. huntonensis 
than other described species. It differs in lacking 
constriction at the summit of the dorsal cup and 
in restriction of anal X to the cup. Anal X in 


JENKINS AND MILLER: SPHACELOMA ON MAGNOLIA 323 


L. huntonensis extends well into the interbrachial 
area, although it does not pass above the first 
PBrBr. L. invaginatus has a somewhat com- 
parable appearance, particularly in the elongate 
nature of the RR plates, but other characters 
are quite different. 

The surface ornamentation of the present spe- 
cies is distinctive from that of other described 
species. 

Occurrence.—Lower portion of the Haragan 
formation (about 15 feet above the Camarocrinus 
zone), Devonian; collected by Mrs. Beverly Graff- 
ham near Hunton townsite, west of Clarita, 
Okla. 

Type.—Deposited in the U. 8. National Mu- 
seum. 


REFERENCES 


All cited references are to be found in BASsLEerR, 
R. S., and Moopry, Margaret W. Bibliographic 
and faunal index of Paleozoic Pelmatozoan Echino- 
derms, Geol. Soc. Amer. Special Publ. 45. 1943. 


BOTANY.—A new species of Sphaceloma on magnolia. ANNA E. JENKINS, U. S. 
Bureau of Plant Industry, Soils, and Agricultural Engineering, and JuLIAN 


H. Miter, University of Georgia. 


A technical description of the new species 
of Sphaceloma on Magnolia grandiflora L.' 
is here provided as follows: 


Sphaceloma magnoliae n. sp. Fig. 1 


Spots on upper leaf surface, not visible below, 
few to almost innumerable, scattered or localized, 
often concentrated along midrib and on marginal 
and apical areas, circular to irregular, often up 
to 1.5 mm in diameter, gray (“‘pale mouse gray’’),? 
with a brown (“sorghum brown’’) margin, slightly 
raised, coalescent, sometimes discoloring much 
of the upper leaf surface except basal area; leaf 
tissue in marginal and apical region sometimes 
killed, then noticeably brown (‘snuff brown’’) 
below; acervuli, numerous, epiphyllous, arising 
intraepidermally, erumpent, black, generally with 
a hyaline prosenchymatic base, 20-40, in diam- 
eter, 12-24y thick; palisade of conidiophores 12- 
16% thick; conidiophores characteristically awl- 
shaped, continuous or 1-septate; conidia not seen 
on the acervuli. 


Sphaceloma causing scab of 


1 JENKINS, A. E. 
Abst. Phytopathology 33: 


Magnolia grandiflora. 
6. 1943. 

2 Ripeway, R. Color standards and color nomen- 
clature. 45 pp., 42 pis. Washington, 1912. 


Elsinoé stage in process of development. 

Maculae epiphyllae, sparsae ad numerossimae 
conspersae, saepe aggregatae vel confluentes, sub- 
elevatae, circulares vel subcirculares, usque 1.5 
mm in diam., griseae, margine brunneo circum- 
datae, ex acervulis atro punctatae; acervuli intra- 
epidermales, dein erumpentes, compacti, usque 
40u in diam. et 12-24, crassi; conidio phora 
obscura, continua vel | septate, usque 16y, stro- 
mate pallido oriunda; conidia non visa. 

Distribution—Producing the disease termed 
“magnolia scab” on leaves of Magnolia grandi- 


flora (Magnoliaceae) in Florida, Georgia, Lou- 


isiana, and Mississippi. The disease was abundant 
in Georgia in 1941-1943, in some cases causing 
severe leaf fall. More recently its attack appears 
to have been less harmful. 

Specimens examined.—As follows’: 


FLORIDA: 
Vic. Century, Aug. 5, 1943, W. B. Tisdale. 


3 USM = My cological Collections of the Bureau 
of Plant Industry, Soils, and Agricultural Engi- 
neering, Plant Industry Station, Beltsville, Md. 


IB = Herbarium, Secgaio de Fitopatologia, 
Instituto Biologico, Sao Paulo, Brazil. 
MSE = Jenkins - Bitancourt, Myriangiales 


selecti exsiccati. 
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Fic. 1.—Sphaceloma magnoliae on leaves of Magnolia grandiflora (type specimen): A, a-c, X 1. the 
B, C, Dark acervuli, B, X 19; C, X 100. D-G, Sections showing acervuli (a) and _ superficial 
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GEORGIA: 

Athens, June 1943 (edge of a swamp) and Aug. 
26, 1948, J. H. Miller. 

Augusta, Fruitland Nurseries, December 
1941, J. H. Faull, Comm. Alma W. Water- 
man: February 1942 and March 23, 1942 
(typE, USM 74223, IB 4673, MSE 427), 
J. H. Miller. Goshen Plantation, Apr. 7, 
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1943, Mrs. J. Mck. Speer (MSE 428). 
Savannah, April 1944, M. E. Fowler. 
Lours1ANA: Hammond, Apr. 1 and Oct. 15, 1943 
(MSE 429), A. G. Plakidas. Culture isolated 
by Plakidas, Nov. 8, 1950, deposited in Amer- 
ican Type Culture Collection, no. 11187. 
Mississippi: Poplarville, July 16 and Sept. 3, 
1942; Apr. 21 and May 19, 1943, J. A. Pinckard. 


ENTOMOLOGY .—A new larvaevorid fly parasitic on tortoise beetles in South Amer- 
ica (Diptera). Curtis W. Sasrosky, Bureau of Entomology and Plant Quaran- 


tine. 


In the course of studies by H. L. Parker 
and associates in the South American 
Parasite Laboratory of the U. S. Bureau 
of Entomology and Plant Quarantine, a 
larvaevorid fly of the genus Lucelatoriopsis 
Townsend was reared from tortoise beetles 
(Chrysomelidae: Cassidinae). It was recog- 
nized as new by several workers, but no 
description has been published. With ad- 
ditional material of the genus before me, 
and with material kindly made available by 
Rati Cortés, I have reexamined the problem 
and offer the following description of the 
new species. 

The genus Lucelatoriopsis Townsend 
(1927) was monobasic for FE. teffeensis 
Townsend. Another species, Dexodes meridio- 
nalis Townsend (1912); was referred there 
by Townsend (Manual of myiology, pt. 10: 
51, 1940), but it differs from the genotype 
and also from the new species described 
below in having a strong pair of median 
marginal bristles on the first abdominal 
segment of the female, minute hairlike 
ocellar bristles, and quite conspicuously 
(though short) haired eyes. It may not 
belong in Lucelatoriopsis sensu stricto. 

The material before me also contains 
several undescribed species that do belong 
to Eucelatoriopsis in its restricted sense. 
Some of these may be important parasites, 
for all specimens of known origin were reared 
from various species of cassidine beetles. 
It is hoped that workers who have access to 
infestations of these beetles will rear ade- 
quate series of the parasites so that the other 
forms may be properly studied. At present 
there are available only one to four speci- 
mens per species, and usually only one sex, 
and it is undesirable in a group of such 
closely related forms to describe from such 
inadequate material. 


Eucelatoriopsis parkeri, n. sp. 


Distinguished from its congeners by the head 
bright yellow pollinose, body with bluish-gray 
appearance, and thorax almost bivittate as seen 
with the naked eye. 

Male.—Head black, the parafrontals, para- 
facials, cheeks, and postorbits uniformly bright 
yellow pollinose, the clypeus silvery and the 
facials somewhat intermediate; occiput black 
above but silvery gray pollinose below; occipital 
hairs white except for a few near the vertex; 
hairs of cheeks and parafrontals black, those of 
the latter short and inconspicuous; antennae and 
palpi black. Thorax black with bluish-gray 
pollen, in strong contrast to E. teffeensis which 
has bright yellowish-gray pollen; mesonotum 
with four moderately broad black stripes, the 
outer twice the width of the inner, the inner 
stripes much more widely separated than either 
is from the adjacent outer stripe, so that to the 
naked eye the mesonotum appears to have only 
two stripes (an appearance accentuated by any 
discoloration). Abdomen black in ground color, 
last three segments broadly gray pollinose on 
anterior two-thirds, subshining brown-black 
posteriorly, with narrow median black stripe, 
especially when viewed at certain angles. Legs 
black, claws brown, pulvilli yellowish. Wings 
clear to faintly tinted with brown. 

Frontal bristles descending to point opposite 
the apex of second antennal segment, usually 
three on each side below base of antennae; 
typically three pairs of reclinate upper frontals; 
ocellars approximately equal in length to inter- 
mediate frontal bristles; facial bristles ascending 
only three or four, and decreasing sharply in 
length, above the vibrissae; width of front at 
vertex approximately one-fourth the width of 
the head. Prosternum with fine hairs laterally. 
Lower sternopleural bristle much shorter than 
the others, rarely absent or hairlike. Scutellum 
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broadly rounded distally, the subapical marginal 
scutellar bristles widely spaced, long and strong, 
extending beyond the hind margin of the second 
abdominal segment; apical scutellars cruciate, 
not quite as long as the discal scutellars, each of 
the latter inserted almost directly anterior to the 
base of a subapical scutellar. Abdomen typically 
with one pair, occasionally two, of median discal 
bristles on second to fourth segments. Third 
vein with two to four setae at base; claws and 
pulvilli long. 

Female.—As described for the male, but with 
two pairs of reclinate upper frontal bristles and 
two pairs of proclinate frontals; width of front 
at vertex approximately three-tenths the width 
of the head, the front widening anteriorly; 
piercing sternotheca short, approximately equal 
to length of fourth abdominal segment; spines on 
ventral carina on second and third segments 
notably stronger toward the hind margin of the 
segment; claws and pulvilli very short. 

Length.—5-6.5 mm. 

Types.—Holotype male (no. 61492 in U. 8. 
National Museum) and allotype, Montevideo, 
Uruguay, emerged December 21, parasite of 
Chelymorpha variabilis var. crucifera Boheman 
(determined by Juan Bosq and H. 8. Barber) feed- 
ing on Convolvulus arvensis L. (H. L. Parker no. 
213). Paratypes: 84(37¢ @, 479 2), same local- 
ity and collector, with other data as follows: 
11l(4¢¢%, 799), same data as_ holotype; 
19(10, 7 999), February 1942, same host 
and host plant as holotype (Parker no. 703.1); 
54(23 7%, 31 29), parasitic on Anacassis prolixa 
(Boheman) feeding on Baccharis spicata Peri, 
December 1941 and February 1942 (Parker nos. 
634, 638). Paratypes have been deposited in the 
collections of the U. S. National Museum, Ameri- 
can Museum of Natural History, British Museum 
(Nat. Hist.), H. J. Reinhard, Ratl Cortés, 
and Paul H. Arnaud, Jr. 

Remarks.—The conspicuously and_ evenly 
yellow-pollinose head and bluish-gray body will 
distinguish the species easily from the genotype, 
E. teffeensis, and either or both of these features 
from most of the undescribed species now before 
me. In most of the others, furthermore, the 
mesonotum appears quadrivittate to the naked 
eye. 

An analysis of the variation in the long and 
homogeneous series (topotypic and host-typic) 
showed that absence of a pair of median marginal 
bristles on the first abdominal segment in the 
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female, presence of a pair of apical scutellar 
bristles, three pairs of postsutural dorsocentrals, 
three sternopleurals, one posterior bristle on the 
fore tibia, and one anterior bristle on the mid- 
tibia are unusually stable characters. Most 
specimens have the infrasquamals present, but 
occasional specimens lack any trace of them. 
The median discal bristles on the intermediate 
segments are definitely variable in number, es- 
pecially in the females, with occasional speci- 
mens having them entirely absent, and others 
having them present in various combinations on 
different segments and sometimes between right 
and left sides. 

The proper generic position of the new species 
will require much further study on a broad basis 
because of the many restricted genera proposed 
by Townsend in the Neotropical fauna. However, 
the presence in the female of a piercing sterno- 
theca and spined ventral carina on the abdomen 
associates it readily, and probably also funda- 
mentally, with a group of compsilurine genera 
such as Compsilura and Eucelatoria and with a 
few genera placed by Townsend in other tribes. 
Of this group, Eucelatoriopsis and Eucelatoria 
differ from the others particularly in lacking a 
pair of median marginal bristles on the first 
abdominal segment of the female. The former 
differs from Eucelatoria in having a pair of apical 
scutellar bristles and in lacking strong bristles 
on the facialia. If these last three characters 
prove not to be generic in value, considerable 
synonymy may result, but they serve for present 
purposes to indicate the association of the new 
species. 

The new species agrees with the generic 
characters listed for Eucelatoriopsis by Townsend 
(Manual of mytology, pt. 10: 50, 1940) except 
as follows: Eyes with minute, sparse hairs; 
ocellar bristles moderately short in female, but 
decidedly longer in male (the opposite of Town- 
send’s statement); three pairs of postacrostichal 
bristles (the holotype of E. teffeensis has oniy 
two pairs, but this may be variation, as several 
specimens of E. parkeri show the same thing); 
anal segment of female not as high and as large 
as in tleffeensis; female abdomen generally with a 
pair of median discal bristles on third and fourth 
segments and often on the second, but sometimes 
with none, suggesting that the holotype of 
teffeensis, which lacks discal bristles, may also 
be atypical of its species. In Townsend’s key to 
the tribe Compsilurini (Manual of myiology, pt. 





OcTc 


4: 90, 
unrel: 
medi: 


EN’ 


Tk 
Cook 
Prep 
of co 
by n 
famil 
proje 
pend 
mate 
the p 
ment 
adop 
due > 
tion 
the» 
Cool 
the f 
relat 
pion 


Prep 
Cord. 
Bre 


Pr 
male 
proce 


mad 


Ancy 
96. 


Ge 


Ancy 


(He 


Ch 
spine 
re 


D0. 10 


tellar 
trals, 
n the 
mid- 
Most 
, but 
hem. 
diate 
, @s- 
peci- 
thers 
iS On 
right 


ecies 
Asis 
osed 
ver, 
rno- 
men 
nda- 
nera 
th a 
bes. 
ora 
ig a 
first 
mer 
ical 
itles 
ters 
ible 
ent 

new 


eric 
end 
ept 
irs; 
but 
wn- 
hal 
niy 
ral 
g); 
rge 
ha 
rth 
nes 

of 
lso 

to 
pt. 





OcTOBER 1952 


4: 90, 1936), the use in the second couplet of the 
unreliable (in this species at least) character of 
median discal bristles will cause all males and 
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most females of parkeri to pass to couplet 3, but 


parkeri is quite unrelated to either of the genera 
there. 


ENTOMOLOGY .—An arrangement of the Prepodesmidae, a family of African milli- 
peds. RALPH V. CHAMBERLIN, University of Utah. (Communicated by C. W. 


Sabrosky.) 


The group of millipeds for which Dr. O. F. 
Cook in 1895 proposed the family name 
Prepodesmidae is likely to prove to be one 
of considerable size. Owing to additions made 
by more recent workers, a revision of the 
family seems desirable, and such has been 
projected by the present writer. However, 
pending the accumulation of more adequate 
material for this purpose, it is hoped that 
the present checklist, embracing the arrange- 
ment and conception of genera provisionally 
adopted, may prove useful. My thanks are 
due to Dr. E. A. Chapin, of the U. 8S. Na- 
tional Museum, for the privilege of studying 
the prepodesmids of the important O. F. 
Cook collection, thus making it possible for 
the first time to indicate with confidence the 
relationships of the genera proposed by that 
pioneer student of West African Diplopoda. 


Family PREPODESMIDAE Cook 


Prepodesmidae Cook, Amer. Nat. 30: 416, 1896. 
Cordyloporinae (as a subfamily of Oxydesmidae) 
Brolemann, Ann. Soc. Ent. France 84: 562. 1916. 


PREPODESMINAE, n. subfam. 

Proposed for the group of genera in which the 
male gonopods have a conspicuous accessory 
process arising from the femoral division proxi- 
mad of the origin of the solenomerite. 


Genus Ancylochetus Attems 
Ancylochetus Attems, Zoologica 30 (3/4) (Heft79): 
96. 1931. 
Generotype: Ancylochetus signatus Attems. 
Ancylochetus signatus Attems 


Ancylochetus signatus Attems, Zoologica 30 (3/4) 
(Heft 79): 96, figs. 138-140. 1931. 
(LIBERIA.) 


Basacantha, n. gen. 


Characterized primarily by having a branch or 
spine from the base of the solenomerite. (Fig. 1.) 
Generotype: Anisodesmus lundae Chamberlin. 


Basacantha decora (Attems) 
Cordyloporus decorus Attems, Rev. Zool. Bot. 
Afr. 17: 334, fig. 41. 1929. 

(BELGIAN Congo.) 


Basacantha lundae (Chamberlin) 


Anisodesmus lundae Chamberlin, Publ. Cult. Com- 
panhia Diamantes Angola 10: 82, figs. 45-46. 
1951. (ANGOLA.) 


Basacantha mechowi (Karsch) 


Rachidomorpha Mechowi Karsch, Berliner Ent. 
Zeitschr. 25: 287. 1881. 

Cordyloporus mechowi Attems, Denkschr. Akad. 
Wien 67: 365, pl. 5, figs. 108-110. 1898. 

Paltophorus mechowi Attems, Rev. Zool. Bot. Afr. 
17: 338, fig. 46. 1929. (BELGIAN CONGO.) 


Genus Diaphorodesmus Silvestri 


Diaphorodesmus Silvestri, Ann. Mus. Genova 36: 
199. 1896. 


Generotype: Paradesmus dorsicornis Porat. 


Diaphorodesmus dorsicornis (Porat) 
Paradesmus dorsicornis Porat, Bihang. Svenska 
Akad. 20 (5): 33, fig. 3. 1894. 
Diaphorodesmus dorsicornis Silvestri, Ann. Mus. 
Genova 36: 197. 1896. 
(CAMEROUN, SPANISH GUINEA.) 


Kisantus, n. gen. 


Related most closely to Pimodesmus. Distin- 
guished in having the mesal branch of the gono- 
pods long, straight, and with a spine at base; 
the ectal lobe of the tibiotarsus a broad lamina 
widening distad and at the end curving into a 
hood or canopy beset with spinous points. 
(Fig. 2.) 

Generotype: Paltophorus tridens Attems. 


Kisantus tridens (Attems) 
Paltophorus tridens Attems, Rev. Zool. Bot. Afr. 
30: 62, figs. 41-43. 1937. 
(BELGIAN ConGo.) 
Congesmus, n. gen. 


Related to Basacantha but lacking a spine at 
base of the solenomerite. The lateral femoral 
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process in the form of a short, typically subtri- 
angular leaf. 
Generotype: Paltophorus probus Attems. 


Congesmus brevilobus (Attems) 


Paltophorus brevilobus Attems, Rev. Zool. Bot. 
Afr. 30: 59, figs. 37-38. 1937. 
(BELGIAN ConGo.) 


Congesmus probus (Attems) 


Paltophorus probus Attems, Rev. Zool. Bot. Afr. 
31: 239, figs. 16-17. 1938. 
(BELGIAN ConGo.) 


Genus Kyphopyge Attems 
Kyphopyge Attems, Zoologica 30 (3/4) (Heft 79): 
93. 1931. 


Generotype: Kyphopyge granulosa Attems. 


Kyphopyge granulosa Attems 
Kyphopyge granulosa Attems, Zoologica 30, (3/4) 
(Heft 79): 94, figs. 133-137. 1931. 
(CAMEROUN.) 


Genus Mesodesmus Carl 
Mesodesmus Carl, Rev. Suisse Zool. 17: 302. 1909. 


Generotype: Scaptodesmus roccati Silvestri. 


Mesodesmus roccati (Silvestri) 


Scaptodesmus roccati Silvestri, Boll. Mus. Torino 
22, (560): 4. 1907. 

Mesodesmus rugifer Carl, Rev. Suisse Zool. 17: 
303, fig. 1. 1909. (West UGANDA.) 


Mesodesmus roccati rugifer (Silvestri) 


Scaptodesmus rugifer Silvestri, Bull. Mus. Torino 
22, (560): 6. 1907. 

Mesodesmus rugifer Carl, Rev. Suisse Zool. 17: 
304, figs. 6, 1. 1909. (UGANDA.) 


Genus Pimodesmus Chamberlin 


Pimodesmus Chamberlin, Bull. Amer. Mus. Nat. 
Hist. 57: 243. 1927. 

Paltophorus Attems, Rev. Zool. Bot. Afr. 30: 41, 
54. 1937 


Generotype: Pimodesmus aglaus Chamberlin. 


Pimodesmus aglaus Chamberlin 


Pimodesmus aglaus Chamberlin, Bull. Amer. Mus. 
Nat. Hist. 57: 243, figs. 173-181. 1927. 
Paltophorus lisalanus Attems, Rev. Zool. Bot. 
Afr. 30: 56, figs. 34, 35. 1937. 
(BELGIAN ConGo.) 


Pimodesmus arenaceus (Attems) 


Paltophorus arenaceus Attems, Rev. Zool. Bot. 
Afr. 30: 60, figs. 39-40. 1937. 
(BELGIAN Conco.) 
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Pimodesmus asperus (Carl) 


Cordyloporus (Neocordyloporus) asperus Carl, Mem. 
Soc. Espafi. Hist. Natur. 1: 269, pl. 6, fig. 4. 
1905. (West Arrica, Cape SAN JUAN.) 


Pimodesmus dentatus (Silvestri) 


Scaptodesmus rugifer var. dentatus Silvestri, Il 
Ruwenzori 1: 332, fig. 27. 1909. 
Mesodesmus rugifer var. dentatus Carl, Rev. Suisse 
Zool. 17: 305. 1909. 
Paltophorus dentatus Attems, Rev. Zool. Bot. Afr. 
30: 55. 1937. 
(CENTRAL AFRICA, BIHUNGA.) 


Pimodesmus denticulatus (Attems) 


Scolopopleura denticulata Attems, Zoologica 30, 
(3/4) (Heft 79): 99, figs. 143-146. 1931. 
Paltophorus denticulatus Attems, Rev. Zool. Bot. 
Afr. 30: 55. 1937. 
(Liperia, Lora River.) 


Pimodesmus falcatus (Attems) 


Cordyloporus falcatus Attems, Rev. Zool. Bot. 
Afr. 17: 334, figs. 42-45. 1929. 

Paltophorus falcatus Attems, Rev. Zool. Bot. Afr. 
30: 56. 1937. (BELGIAN Conco.) 


Pimodesmus gladiator (Attems) 


Cordyloporus gladiator Attems, Rev. Zool. Bot. 
Afr. 17: 340, fig. 47. 1929. 
Paltophorus gladiator Attems, Rev. Zool. Bot. 
Afr. 30: 56. 1937. 
(BELGIAN CoNGo.) 


Pimodesmus imperfectus (Attems) 


Paltophorus imperfectus Attems, Rev. Zool. Bot. 
Afr. 31: 59, figs. 37-38. 1937. 
(BELGIAN ConGo.) 


Pimodesmus longipes (Carl) 


Cordyloporus longipes Carl. Rev. Suisse Zool. 21: 
222, figs. 14-18. 1913. 

Paltophorus longipes Attems, Rev. 
Afr. 30: 56. 1937. 


Zool. Bot. 


(CAMEROUN.) 


Pimodesmus nigerianus (Attems) 


Scolopopleura nigeriana Attems, Zoologica 30, 
(3/4) (Heft 79): 98, figs. 141-142. 1931. 

Paltophorus nigerianus Attems, Rev. Zool. Bot. 
Afr. 30: 55. 1937. (SoutH NIGERIA.) 


Genus Prepodesmus Cook 


Prepodesmus Cook, Amer. Nat. 30: 416. 1896. 

Cordyloporus Attems, Denkschr. Akad. Wiss. Wien 
67 : 363. 1896. 

Cordyloporus subgen. Neocordyloporus Carl, Mem. 
Soc. Espafi. Hist. Natur., 1: 269. 1905. 

Cordyloporus + Pleurearium (pro part. max.) 
Attems, Rev. Zool. Bot. Afr. 17: 328, 332. 1929 


Generotype: Prepodesmus tigrinus Cook. 
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Fic. 1.—Basacantha lundae (Chamberlin): Gonopod, preaxial view. Fig. 2.—Kisantus tridens 
(Attems): Gonopod. Fic. 3.—T ylodesmus crassipes Cook: Gonopods, postaxial aspect. Fig. 4.— 
Prepodesmus tigrinus Cook: Gonopod, subcaudal aspect. Fig. 5.—Cheirodesmus ater Cook: Gonopod, 
postaxial aspect. Fic. 6.—Isodesmus immarginatus Cook: Gonopod, subectal aspect. Fic. 7.— 
Morphotelus laciniosus (Attems): Gonopod, preaxial view. Fig. 8.—Morphotelus mareesit (Carl): 
Gonopod, preaxia! view. Fic. 9.—Tylodesmus albus Chamberlin: Gonopod, anterior aspect. (A, 
Femoral or accessory branch; I, basal spine of solenomerite; P, prefemur; 8, solenomerite.) 
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Prepodesmus aubryi (Lucas) 


Paradesmus aubryi Lucas; Archiv Ent. 2: 440. 


1858. 


Cordyloporus aubryi Attems, Das Tierreich, Lief. 


69: 379. 1938. (GUINEA.) 


Prepodesmus dubius (Attems) 


Cordyloporus dubius Attems, Rev. Zool. Bot. Afr. 
30: 45, figs. 24-25. 1937. (BELGIAN CoNnGo.) 


Prepodesmus mimus Cook 


Prepodesmus mimus Cook, Proc. Acad. Nat. Sci. 
Philadelphia 1896: 258. 
(LIBERIA: MUHLENBERG MIssI0ONn.) 


Prepodesmus ornatus (Peters) 


Polydesmus (Paradesmus) ornatus Peters, Monatsb. 
Preuss. Akad. Wiss. Berlin 1864: 540. 
Cordyloporus aubryi Attems (nec Lucas), Denkschr. 
Akad. Wiss. Wien 67: 366. 1898. 
Cordyloporus ornatus Brolemann, 
Exper. 65: 109, figs. 110-113. 1926. 
(CAMEROUN, GoLp Coast, AND Conao.) 


Arch. Zool. 


Prepodesmus ornatus martinseni (Attems) 


Cordyloporus aubryi var. martinseni Attems, 
Denkschr. Akad. Wiss. Wien 67: 367. 1898. 

Cordyloporus ornatus var. martinsenit Attems, Das 
Tierreich, Lief. 69: 374. 1938. 


Prepodesmus ornatus interferens, n. var. 


Cordyloporus ornatus ornatus Attems (nec Peters), 
Das Tierreich, Lief. 69 : 374. 1938. 


Differing from ornatus sens. str. in having the 
underside of the body, together with legs and 
antennae, dark brown instead of wine red, and in 
having on the poriferous keels a large, round, 
rose-red spot, which does not quite reach the 
anterior margin or in having these keels some- 
times entirely red. Middorsal region always 
dark. A transverse mark on the collum and the 
tips of the second and third keels yellowish. 
Dorsum black except as noted. 

Localities: Gaboon, Togo, Cameroun, and 
Belgian Congo. 


Prepodesmus pictus Cook 
Prepodesmus pictus Cook, Proc. Acad. Nat. Sci. 
Philadelphia 1896: 263. (Toao.) 
Prepodesmus sulcatus (Attems) 


Cordyloporus sulcatus Attems, Denkschr. Akad. 
Wiss. Wien 67: 364. 1898. 
(LocaLity UNKNOWN.) 


Prepodesmus tigrinus Cook 
Prepodesmus tigrinus Cook, Proc. Acad. Nat. Sci. 
Philadelphia 1896: 258. m 
(LiBERIA: Mount CoFrFeEe.) 
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TYLODESMINAE, n. subfam. 


Proposed for those genera in which the gono 
pods lack an accessory branch from the femora 
division. 

Genus Anisodesmus Cook 
Anisodesmus Cook, Proc. U. S. Nat. Mus. 18: 99 


1895; Proc. Acad. Nat. Sci. Philadelphia 1896 
260. 


Generotype: Anisodesmus cerasinus Cook. 


Anisodesmus cerasinus Cook 


Anisodesmus cerasinus Cook, Proc. U. S. Nat. 
Mus. 18: 99. 1895; Proc. Acad. Nat. Sci. Phila- 
delphia 1896: 260. 

(Liseria, Boporu, St. Paut River.) 


Anisodesmus erythropus (Lucas) 


Polydesmus erythropus Lueas, Archiv Ent. 2: 
63, pl. 13, fig. 8. 1858. 

Polydesmus (Paradesmus) erythropus Peters, 
Monatsb. Preuss. Akad. Wiss. Berlin 1864: 624. 

Cerdyloporus serratus Attems, Denkschr. Akad. 
Wiss. Wien 67: 364. 1898. 

Oxydesmus erythropus Attems, Das Tierreich, Lief. 
69 : 340. 1938. 

(LIBERIA.) 


Genus Cheirodesmus Cook 
Cheirodesmus Cook, Amer. Nat. 30: 416. 1896. 
Generotype: Cheirodesmus ater Cook. 
Cheirodesmus ater Cook 
Fig. 5 


Cheirodesmus ater Cook, Proc. Acad. Nat. Sci. 
Philadelphia 1896: 259. 
(LIBERIA.) 


Cheirodesmus discolor Cook 


Cheirodesmus discolor Cook, Proc. Acad. Nat. Sei. 
Philadelphia 1896: 259. 
(LIBERIA. ) 


Genus Cordyloconus Attems 


Cordyloconus Attems, Das Tierreich, Lief. 69: 
380. 1938. 


Generotype: Paracordyloporus vitiosus Attems. 
Cordyloconus vitiosus (Attems) 


Paracordyloporus vitiosus Attems, Zoologica 30 
(3/4): 92, fig. 130. 1931. 
Cordyloconus vitiosus Attems, Das Tierreich, Lief. 
69: 380. 1938. 
(CAMEROUN.) 
Genus Doidesmus Chamberlin 


Doidesmus Chamberlin, Bull. Amer. Mus. Nat. 
Hist. 57: 243. 1927. 


Generotype: Doidesrus explorator Chamberlin. 
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Doidesmus explorator Chamberlin 
Doidesmus explorator Chamberlin, Bull. Amer. 
Mus. Nat. Hist. 57: 246, figs. 182-187. 1927. 
(BELGIAN ConaGo.) 
Genus Graphidiochirus Attems 
Graphidiochirus Attems, Rev. Zool. Bot. Afr. 17: 
333. 1929. 
Generotype: Graphidiochirus spadix Attems. 
Graphidiochirus spadix Attems 


Graphidiochirus spadix Attems, Rev. Zool. Bot. 
Afr. 17: 333. 1929. 
(BELGIAN CONGO.) 
Genus Isodesmus Cook 
Isodesmus Cook, Proc. U. 8. Nat. Mus. 18: 99. 


1895. 
Generotype: Jsodesmus immarginatus Cook. 
Isodesmus immarginatus Cook 
Fig. 6 
Isodesmus immarginatus Cook, Proc. U. S. Nat. 
Mus. 18: 99. 1895. (LIBERIA.) 
Isodesmus interruptus Cook 


Isodesmus interruptus Cook, Proc. Acad. Nat. 
Sci. Philadelphia 1896: 260. 
(LIBERIA.) 


Morphotelus, n. gen. 

In this genus the tibiotarsus consists of two 
large laminate lobes the outer of which presents 
a margin sometimes more or less dentate or 
laciniate, the two lobes forming something of a 
calyx enclosing the much shorter, bladelike, and 
simple solenomerite. (See Figs. 7, 8.) 


Generotype: Cordyloporus mareesi Carl. 
Morphotelus corruptus (Attems) 


Cordyloporus corruptus Attems, Rev. Zool. Bot. 
Afr. 30: 45, figs. 24-25. 1937. 
(BELGIAN Conco.) 


Morphotelus laciniosus (Attems) 


Cordyloporus laciniosus Attems, Rev. Zool. Bot. 
Afr. 30: 46, fig. 26. 1937. 
(BELGIAN CONGO.) 


Morphotelus mareesi (Carl) 


Cordyloporus mareesi Carl, Rev. Suisse Zool. 17: 
300, pl. 6, fig. 2. 1909. 
(CENTRAL AFRICA.) 


Morphotelus sequens (Chamberlin) 


Anisodesmus sequens Chamberlin, Publ. Cult. 
Companhia Diamantes Angola, 10:84, figs. 40- 
44. 1951. (ANGOLA.) 
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Morphotelus terreus (Attems) 


Cordyloporus terreus Attems, Rev. Zool. Bot. Afr. 
30: 43, fig. 23. 1937. 


Genus Paracordyloporus Brolemann 


Paracordyloporus Brolemann, Ann. Soc. Ent. 
France 84: 563. 1916. 

Grallodesmus Chamberlin, Bull. Amer. Mus. Nat. 
Hist. 57, art. 4: 242. 1927. 


Generotype: Cordyloporus dilatatus Carl. 
Paracordyloporus alternatus (Karsch) 


Polydesmus alternatus Karsch, Zeitschr. Ges. 
Naturw. 52: 825. 1879. 

Cordyloporus alternatus Attems, Denkschr. Akad. 
Wiss. Wien 67 : 367. 1898. 

Paracordyloporus alternatus Brolemann, Ann. Soc. 
Ent. France 84: 563. 1916. 


(West AFRICA.) 


Paracordyloporus camerunensis (Attems) 


Cordyloporus camerunensis Attems, Ann. Mus. 
Wien 41: 20, fig. 27. 1927. 

Paracordyloporus camerunensis Attems, Das Tier- 
reich, Lief. 69: 385. 1938. (CAMEROUN.) 


Paracordyloporus camerunensis papillatus Attems 


Paracordyloporus camerunensis papillatus Attems, 
Zoologica 30, (3/4): (Heft 79): 93. 
(CAMEROUN.) 


Paracordyloporus dilatatus (Carl) 
Cordyloporus dilatatus Carl, Mem. Soc. Espaii. 
Hist. Natur. 1: 264, pl. 6, fig. 3. 1905. 
Paracordyloporus dilatatus Brolemann, Ann. Soc. 
Ent. France 84: 563. 1916. 
(SPANISH GUINEA.) 


Paracordyloporus malangensis Chamberlin 


Paracordyloporus malangensis Chamberlin, Publ. 
Cult. Companhia Diamantes Angola 10: 55, 
fig. 47. 1951. (ANGOLA.) 


Paracordyloporus diplogon (Chamberlin) 


Grallodesmus diplogon Chamberlin, Bull. Amer. 
Mus. Nat. Hist. 57: 242, figs. 167-172. 1927. 
(BELGIAN Conco.) 


Paracordyloporus moeranus (Attems) 


Cordyloporus moeranus Attems, Ann. Mus. Wien 
41: 69, figs. 24-26. 1927. 
Paracordyloporus moeranus Attems, Rev. Zool. 
Bot. Afr. 14, (3): 345, figs. 50-57. 1929. 
(CENTRAL AFRICA.) 


Paracordyloporus pulcher (Carl) 


Cordyloporus pulcher Carl, Mem. Soc. Espaii. 
Hist. Natur. 1: 267, p. 6, fig. 5. 1905. 

Paracordyloporus pulcher Brolemann, Ann. Soc. 
Ent. France 84: 563. 1916. 


(SPANISH GuINEA, CaBo San JUAN.) 
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Paracordyloporus speciosus Attems 


Paracordyloporus speciosus Attems, Rev. Zool. 
Bot. Afr. 17: 342, figs. 48-49. 1929. 
(BELGIAN CONGO.) 


Genus Scolopopleura Attems 


Scolopopleura Attems, Ergeb. D. Zentr.-Afr.- 
Exped. 4: 302. 1912. 
Gitadesmus Chamberlin, Bull. Amer. Mus. Nat. 


Hist., 57: 241. 1927. 


Generotype: Scolopopleura spinosa Attems. 
Scolopopleura graciliramus (Chamberlin) 
Gitadesmus graciliramus Chamberlin, Bull. Amer. 


Mus. Nat. Hist. 57: 241, figs. 160-166. 1927. 
(BELGIAN ConGo.) 


Scolopopleura insignis-(Attems) 
Cordyloporus insignis Attems, Ann. Mus. Wien 
41: 71, figs. 28-29. 1927. 
Scolopopleura insignis Attems, Das Tierreich, 
Lief. 69: 390, fig. 426. 1938. (CENTRAL AFRICA.) 


Scolopopleura limbata Attems 
Scolopopleura limbata Attems, Rev. Zool. Bot. 
Afr. 17: 348, figs. 58-60. 1929. 
(BELGIAN Conaco.) 


Scolopopleura limbata rubripes Attems 


Scolopopleura limbata var. rubripes Attems, Rev. 
Zool. Bot. Afr. 17: 350. 1929. 
(Kikwit, BELGIAN ConGco.) 


Scolopopleura pokana (Chamberlin) 


Gitadesmus pokanus Chamberlin, Bull. Amer. Mus. 
Nat. Hist. 57: 241, figs. 160-166. 1927. 
(BELGIAN CoNnGco.) 


Scolopopleura pectinata Attems 


Scolopopleura pectinata Attems, Rev. Zool. Bot. 
Afr. 17: 352, fig. 64. 1929. (BELGIAN ConGo.) 


Scolopopleura pulcherrima Attems 


Scolopopleura pulcherrima Attems, Rev. Zool. Bot. 
Afr. 17: 350, figs. 61-63. 1929. 
(BELGIAN CoNnGco.) 


Scolopopleura spinosa Attems 


Scolopopleura spinosa Attems, Ergeb. D. Zentr.- 
Afr. Exped. 4: 302, figs. 3-6. 1912. (ConGo.) 


Genus Tylodesmus Cook 


Tylodesmus Cook, Amer. Nat. 30: 416. 1896. 

Lyrodesmus Cook, Proce. Acad. Nat. Sci. Phila- 
delphia; 1896: 259. 

Cordyloporus Attems (in part), Rev. Zool. Bot. 
Afr. 17: 328. 1929. 

Pleuroarium Attems (in part), Rev. 
Afr. 17: 332. 1929. 


Zool. Bot. 


Generotype: Tylodesmus crassipes Cook. 
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Tylodesmus albus, n. sp. 
Fig. 9 


Agreeing in most features with 7. nigerrimus 
Cook but contrasting in being nearly white 
throughout. The gonopods are of the form shown 
in Fig. 9. (LiBERIA.) 


Tylodesmus amoebus Cook 
Tylodesmus amoebus Cook, Proc. Acad. Nat. Sci. 
Philadelphia 1896: 259. 
(MUHLENBERG Mission, LIBERIA.) 


Tylodesmus crassipes Cook 
Fig. 3 
Tylodesmus crassipes Cook, Proc. Acad. Nat. Sci. 
Philadelphia 1896: 259. 
(LIBERIA.) 


Tylodesmus nigerrimus Cook 
Tylodesmus nigerrimus Cook, Proc. Acad. Nat. 
Sci. Philadelphia 1896: 259. 
(LIBERIA.) 
Tylodesmus studeri (Carl) 
Cordyloporus studeri Carl, Rev. Suisse Zool. 21: 
207, figs. 4-5. 1913. 
Pleuroarium studeri Attems, Rev. Zool. Bot. Afr. 
17: 332. 1929. 
(SrerRA LEONE, LIBERIA.) 


Tylodesmus studeri spectandus (Attems) 


Pleuroarium studeri spectandum Attems, Rev. Zool. 
Bot. Afr. 17: 332. 1929. 

Cordyloporus studeri spectandus 
Tierreich, Lief. 69: 376. 1938. 


Attems, Das 
(LIBERIA.) 


Tylodesmus liberiensis (Peters) 
Polydesmus (Paradesmus)  liberiensis Peters, 
Monatsb. Preuss. Akad. Berlin 1864: 540. 
Cordyloporus liberiensis Attems, Denkschr. Akad. 
Wiss. Wien 67: 368, pl. 5, fig. 107. 
Pleuroarium liberiense Attems, Rev. Zool. Bot. 
Afr. 17: 332. 1929. (LIBERIA.) 


Tylodesmus viabilis, n. sp. 


Dorsum dusky brown, with no different colora- 
tion on any of the keels. Legs and antennae yel- 
low. Three series of setae on the collum, appar- 
ently four in each series; two similar series of 
setae on the second tergite, and but one series 
on subsequent tergites, this series toward the 
anterior border of the metazonite. Keels moder- 
ately bent upward, more strongly upbent on 
posterior segments. Anal tergite proportionately 
longer and narrower than in 7. nigerrimus. An- 
terior legs of male not obviously thickened as 
they are in crassipes. 
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Length of male, about 38 mm; width, 4.5 mm. 
Locality: Liberia (Mount Coffee). Male holo- 
type collected by F. C. Strand and two males by 
Collins in 1896. Types in U. S. National Museum. 
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PROCEEDINGS OF THE ACADEMY AND AFFILIATED SOCIETIES 


PHILOSOPHICAL SOCIETY OF WASHINGTON 


1334TH MEETING 


The 1334th meeting was held in the audito- 
rium of the Cosmos Club, October 20, 1950, 
President Kracexk presiding. 

Program: Paitie H. ABetson, Carnegie In- 
stitution of Washington: Isotope tracers: Past, 
present, and future.—A brief history was given of 
the development of isotope tracers, their nature 
and methods of production. It was pointed out 
that there are now about 1,200 isotopes but that 
only about 15 are important from the viewpoint 
of radioactivity. These tracer elements have, 
owing to present large scale production methods, 
been utilized widely in medicine, biology, agri- 
culture, plant physiology, etc. Their most publi- 
cized use in medicine has been disappointing 
primarily because of the lack of sufficient care in 
protecting healthy cells. Tracer elements have 


also been used in the measurement of friction, in 
the construction of thickness gauges, process 
control, measurement of time, in diffusion stud- 
ies, etc. 

The speaker suggested that in the future iso- 
topic traces would be used primarily in the study- 
ing of metabolic pathways, relation between 
structure and function, conversion of one or- 
ganism to another and the division of cells. Ifone 
cell is once understood, the possibility of under- 
standing 10" cells will not be so remote. (Secre- 
tary’s abstract.) 


1335TH MEETING 


The 1335th meeting was held in the audito- 
rium of the Cosmos Club, November 3, 1950, 
President Kracexk presiding. 

Program: GrorGe Gamow, George Washing- 
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ton University: The first half hour of creation.— 
Methods involving radioactive decay and the 
age of the ocean from the thickness of salt de- 
posits gave 3 to 4 billion years. The age of the 
rocks, rate of recession of the moon, and the 
age of the sun and stars gave about 2.5 billion 
years. If the present expanding universe is con- 
tracted at the same rate as the present expansion 
until all the galaxies are united, a figure of 1.8 
billion years is obtained. 

At the time of the creation, the universe was 
visualized as consisting of only neutrons, pro- 
tons, and electrons at an average density of 
10-* grams/cm* at a temperature of about 10°°K. 
Upon cooling, these particles by combination 
produced all the elements in the relative abun- 
dances now known. In this cooling process, all the 
neutrons were supposed to have disappeared in 
about 35 minutes, so that the formation of the 
elements was completed within this time. In 
various positions within the universe local vari- 
ations from this relative abundance curve are 
found, but these were ascribed to different forces 
of attraction of the bodies in question. When 
and how the various galaxies were formed has 
not been quite so clear because of turbulence and 
other factors entering into their formation. 
(Secretary’s abstract.) 


1336TH MEETING 


The 1336th meeting was held in the audito- 
rium of the Cosmos Club, November 17, 1950, 
Vice-President McNtsu presiding. 

Program: JoHN StronG, Johns Hopkins Uni- 
versity: The new Johns Hopkins ruling engine.— 
The speaker first described some of the experi- 
ences which Rowland and Anderson had in mak- 
ing and working with the older Rowland engines. 
In these engines the diamond point is moved 
back and forth over the grating blank which is 
advanced by rotating a single screw. The new 
Johns Hopkins ruling engine, however, has two 
screws which support only the diamond point, 
and the grating blank is moved back and forth 
under this point to rule the grating lines. The 
methods of making the bearings, screw, and di- 
viding head were all discussed separately. To 
secure straight line motion a conically shaped 
bearing surface was used. The two screws after 
turning were each lapped about 2,000 hours to 
give a uniform pitch and diameter. The process 
used for making and lapping the dividing head 
was also described. This new engine is capable of 
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ruling two gratings per week with 14,400 lines 
to the inch. The ghost intensities have been of 
the order of 1/600 to 1/1,000 in the first 25 or 30 
gratings. A motion picture of the ruling engine 
in motion was then shown. (Secretary’s abstract.) 


1337TH MEETING 


The 1337th meeting, the 80th annual meeting, 
was held in the auditorium of the Cosmos Club, 
December 1, 1950, President Kracex presiding. 

The report of the Treasurer, LAWRENCE A. 
Woop, showed a total income during the year of 
$1,969.31. The expenses were $1,395.17, leaving 
a net gain of $574.14. The total estimated assets 
of the Society were $18,324.51 as compared with 
$17,215.85 the year before. The Auditing Com- 
mittee reported that the records and report were 
correct. 

The joint report of the Secretaries showed a 
net gain of 8 new members during the year and 
an active membership of 540. 

The report of the Committee on Elections 
indicated that the following officers had been 
elected: 


President: E. U. Connon 

Vice Presidents: A. G. McNisu, A. I. MAHAN 

Recording Secretary: L. A. Woop 

Treasurer: T. J. CARROLL 

Members at Large of the General Committee: 
CHESTER Pace, W. R. DurYEA 


Program: L. R. Harstap, Atomic Energy 
Commission: The reactor program of the Atomic 
Energy Commission.—The history of atomic 
fission was traced from the first artificial disinte- 
gration of lithium’ in 1932 up to the present. A 
reactor was defined as a device for converting 
atomic energy into energy of useful forms. The 
difficulties encountered in building such reactors 
were enumerated. Several different types of re- 
actors were mentioned. These were the produc- 
tion reactor, the research reactor and the mobile 
power reactor. The present reactor program 
consists of building four reactors. The cost of 
installing reactors was estimated at $1,400 per 
kilowatt, while other more conventional power 
sources cost approximately $200/kw. In closing 
the speaker suggested that with the present in- 
crease in coal prices and decreasing costs of re- 
actors the two price curves might some day 
cross. 

The newly elected President, Mr. Connon, 
was conducted to the chair by Past Presidents 





OcTc 


STIMs 


gavel 
(Secre 


Th 
rium 
Vice- 

Pre 
of St 
muni 
tion | 
—Th 
intro 
symt 
sage 
usual 
finite 
stoch 
resul 
infor 
entre 

Th 
nel is 
ful! « 
expla 
relat: 
tions 
chan 
powé 


TI 
rium 
Presi 

TI 
deliv 
catio 
He 
chan 
and 
data 
ties | 
their 
appt 
quar 
strac 


Tl 
rium 
Vice 

Pr 


‘0. 10 


| lines 
en of 
or 30 
ngine 
ract.) 


ting, 
Club, 
ding. 
E A, 
ar of 
Wing 
ssets 
with 
Yom- 
were 


ed a 
and 


ions 
been 


tee: 


rey 
ymic 
mic 
nte- 
A 
Ling 
Che 
tors 
re- 
juc- 
bile 
‘am 
of 
per 
wer 


nts 





OcTOBER 1952 


S1IMSON and JOHNSTON and was presented the 
gavel by the Retiring President, Mr. Kracex. 
(Secretary’s abstract.) 


1338TH MEETING 


The 1338th meeting was held in the audito- 
rium of the Cosmos Club, December 15, 1950, 
Vice-President McNIsu presiding. 

Program: CHESTER H. Pace, National Bureau 
of Standards: The mathematical theory of com- 
munication (published under the title nforma- 
tion theory in this JouRNAL 41: 245-249. 1951). 
—The quantitative measure of information is 
introduced in terms of the minimum number of 
symbols needed to distinguish a particular mes- 
sage from all others of a given set. The set is 
usually described as an ensemble (finite or in- 
finite) of messages generated by a specified 
stochastic process. The message probabilities 
resulting from this process lead to an average 
information per message that is analogous to 
entropy in statistical mechanics. 

The rate of communication over a noisy chan- 
nel is derived, and Shannon’s theorem (that the 
ful! channel capacity can always be utilized) is 
explained. The paper concludes with results 
relative to communication by continuous func- 
tions, and the engineering formula relating 
channel capacity to bandwidth and signal/noise 
power ratio. (Author’s abstract.) 


1339TH MEETING 


The 1339th meeting was held in the audito- 
rium of the Cosmos Club, January 12, 1951, 
President ConpDon presiding. 

The Retiring President, Frank C. Kracexk, 
delivered the presidential address on The appli- 
cation of thermochemistry to geophysical problems. 
He showed how determinations of the heat 
changes which accompany chemical reactions 
and changes of state furnish thermodynamic 
data required for evaluating the relative stabili- 
ties and conditions of formation of minerals in 
their various associations in nature. Detailed 
applications were made to the formation of 
quartz, jadeite, and feldspar. (Secretary’s ab- 
stract.) 

1340TH MEETING 


The 1340th meeting was held in the audito- 
rium of the Cosmos Club, January 26, 1951, 
Vice-President MAHAN presiding. 

Program: J. W. GraHAM, Department of Ter- 
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restrial Magnetism, Carnegie Institution of 
Washington: The determination of the earth’s field 
in geologic time-—Mr. Graham described meas- 
urements of the magnetization of magnetite 
particles in sedimentary rocks in different parts 
of the United States. These furnish information 
regarding the magnetic field existing at the time 
the rocks were cooled through the Curie point. 
There was found to be good evidence that the 
earth’s field had not exceeded 10 gauss at any 
time since the deposits were laid down several 
hundred million years ago, and that the direc- 
tion of magnetization under certain circum- 
stances is retained for this period of time. How- 
ever, it is difficult to understand the reason for 
magnetization observed in some instances which 
is opposite to that of the earth’s present field. 
It is thought to be due not to an actual reversal 
of the earth’s field or to continental drift but 
possibly to chemical changes in a 2-component 
system. (Secretary’s abstract.) 


1341sT MEETING 


The 134lst meeting was held in the audito- 
rium of the Cosmos Club, February 9, 1951, 
Vice-President MAHAN presiding. 

Program: GLENN D. Camp, Operations Evalu- 
ation Group, U. S. Navy: Operations research: 
A quantitative aid to executive decision.—Opera- 
tions research, under that name, had its origins 
in England in 1940 as part of the antiaircraft 
defense effort. Its introduction into the United 
States came as part of the antisubmarine war- 
fare. An operation is defined as a purposeful 
activity usually involving large aggregates of 
men and machines. Operations research is an 
applied science that is concerned with analyzing 
and maximizing the performance of any set of 
operations designed to achieve a specified goal. 
It is characterized by the use of teams of scien- 
tists representing diverse fields who combine 
conclusions into a unified recommendation di- 
rectly to a high-level executive. Isomorphism in 
diverse and apparently unrelated operations is 
thoroughly exploited. Its greatest successes thus 
far have been in military operations, where 
nothing of the sort had been previously applied. 
It is rapidly expanding into civilian operations, 
for example including problems of mass produc- 
tion, warehousing, traffic control, and congestion 
of communication channels. A text on the sub- 
ject by Morse and Kimball will soon be published. 
(Secretary’s abstract.) 
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1342D MEETING 


The 1342d meeting was held in the audito- 
rium of the Cosmos Club, February 23, 1951, 
President ConDon presiding. 

Program: E. Maxwetu, National Bureau of 
Standards: Recent developments in superconduc- 
tivity.—One very recent discovery has been the 
addition of osmium and ruthenium to the list 
of superconductors by workers in Cambridge, 
England. The superconducting elements are 
chiefly found in two regions in the periodic table. 
A periodic table was shown which gave, for the 
superconductors, the temperature of transition 
into the superconducting state and, for the other 
elements, the Jowest temperature at which an 
unsuccessful search for supérconductivity had 
been made. Isotope effects on the transition 
temperature, have within the past two years 
been discovered independently at the National 
Bureau of Standards and at Rutgers University. 
In mercury and tin the higher the average iso- 
topic weight the lower is the transition tem- 
perature for a given magnetic field. Recent the- 
ories of Frolich in England and Bardeen at the 
Bell Telephone Laboratories have attempted to 
explain superconductivity in terms of an electron 
level of lower energy than the normal conduction 
state and to ascribe the origin of this level to the 
interaction of lattice vibrations and electron 
waves. Colored motion pictures of classical ex- 
periments in superconductivity were shown. 
These were taken at the National Bureau of 
Standards and showed a magnet floating above 
a superconducting tin dish and a magnet repelled 
by a superconducting tin sphere. Repulsion 
ceased when the temperature was raised above 
that of the transition. (Secretary’s abstract.) 


1343D MEETING 


The 1343d meeting was held in the auditorium 
of the Cosmos Club, March 9, 1951, President 
ConDon presiding. 

Program: Earu K. Fiscuer, National Bureau 
of Standards: High-speed motion pictures as a 
research tool—Whereas normally motion pictures 
are taken at speeds of 16 and 24 frames/sec., 
high speed is defined as any rate between 250 
and 10,000 pictures per sec., and ultra-high 


speeds refer to rates above 10,000 per sec. Rates 
as high as 10’ per sec. are sometimes achieved 
but these methods are not strictly image-forming 
camera devices, which usually operate at a rate 
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less than 10‘ per sec. Top speed of Eastman 
cameras, for example, is 3000 frames/sec., or 
roughly a 200-fold speedup when projected at a 
rate of 16 per sec. Comparisons of the image 
formation in Eastman, Fastax, and Edgerton 
cameras were made. Motion and still pictures 
were shown illustrating the high speed shuttle 
action in a loom, the formation, oscillations and 
splashing of waterdrops. Comparisons were made 
of surface tension measurements of surface ten- 
sion of several soaps by the oscillating drop, the 
ring, and the capillary rise methods. Mr. Fischer 
expressed the opinion that the modest cost 
($2,000-$10,000) and comparatively light weight 
(30-50 Ib.) qualified high speed motion pictures 
as an eminently practical research tool. (Secre- 
tary’s abstract.) 


1344TH MEETING 

The 1344th meeting of the Society was the 
occasion of the twentieth Joseph Henry Lecture. 
It was held in the auditorium of the Cosmos 
Club, March 23, 1951, President Conpon pre- 
siding. 

Program: Lyman Spitzer, Princeton Uni- 
versity: The formation of stars (published under 
the title The birth of stars from interstellar clouds 
in this JouRNAL 41: 309-318. 1951).—-Stars may 
be grouped in two main classes: primeval stars 
and cloud stars. Primeval stars are observed in 
systems where there are no clouds of interstellar 
matter. Presumably they began their existence 
about 3 xX 10° years ago and have been dimin- 
ishing in brightness ever since. The brightest are 
about as bright as 10° suns, and their velocities 
are found to be in the range 60-180 km/sec. The 
cloud stars, on the other hand, according to 
present ideas, are being formed continually out 
of the matter in interstellar space. This matter, 
which has a total mass about equal to that of the 
matter in the stars, has an average density of 
about one hydrogen atom per cubic centimeter. 
The cloud stars are found where clouds of inter- 
stellar matter are known to be present from 
other evidence. They have velocities in the 
range 10-30 km/sec. and the, luminosity of the 
“supergiant” members of this class may be as 
much as 10° suns. Two small grains of inter- 
stellar matter can be pushed towards each other 
by radiation pressure, since each screens the 
other from the pressure. When this process is 
repeated a critical size may be reached above 
which the gravitational attraction is sufficient to 
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build up the particles into a protostar. Conden- 
sation gives rise to heating and the release of 
atomic energy by atom-building. Of course this 
is a relatively rare event, but when it happens a 
new star is found. (Secretary’s abstract.) 


1345TH MEETING 


The 1345th meeting was held in the audito- 
rium of the Cosmos Club, April 6, 1951, Presi- 
dent ConDON presiding. 

Program: Rene A. Sprrz, M.D., New York 
Psychoanalytical Institute: Methodological con- 
sideration in psychoanalytical research.—Psycho- 
analysis, a development of the present century, 
finds difficulty in controlling the conditions of an 
experiment. Freud was the first physician to 
study carefully the behavior of irrational people. 
He developed two methods for discovering the 
event or sensation which was at the root of the 
patient’s difficulties. The first, called catharsis 
and based on hypnotism, was abandoned in 
favor of “free association’’ in which the patient 
responds to various words with the first idea 
which comes to his mind. In this manner it has 
been found that the formative period for an 
individual ego is in the first months of life. Mr. 
Spitz’s researches have concerned children in the 
first 18 months, the preverbal stage. Events at 
ages earlier than 18 months can not be remem- 
bered but may have extremely important conse- 
quences as far as the health and personality are 
concerned, especially events between the ages of 
6 and 12 months. Moving pictures showed the 
striking comparison between children in a penal 
nursery where the children were normally in 
constant contact with their mothers and in a 
foundling home where a nurse had to care for 
about ten children. Effects of the absence of the 
mother for periods of several months were like- 
wise shown. In the penal nursery the children 
developed normally but in the foundling home 
mortality was extremely high (33 percent in the 
first two years), diseases rampant, and both 
physical and mental development stunted per- 
manently. Absence of the mother for more than 
3 months also produced irreversible changes in 
the child but up to this time recovery was rapid 
on the return of the mother. (Secretary’s abstract.) 


1346TH MEETING 


The 1346th meeting was held in the audito- 
rium of the Cosmos Club, April 20, 1951, Presi- 
dent CoNnDon presiding. 
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Program: Ernest PoLiarpb, Yale University: 
The physics of viruses.—Viruses have three 
notable characteristics, namely, the ability to 
reproduce (which they share with living matter), 
the production of symptoms in the host, and the 
production of antibodies in the host. When a 
virus enters a cell it appears to dominate the 
activity of the cell and reproduces itself at a very 
great rate—for example, a multiplication by a 
factor of 10 in 12 hours has been observed in 
some instances. The medical approach to virus 
diseases has been to introduce the virus in some 
modified form which is not particularly harmful 
and which does not reproduce too rapidly, and 
to rely on the formation of antibodies to destroy 
not only the modified virus but also more de- 
structive viruses of a similar nature. The electron 
microscope has shown the size of a virus particle 
to range from 150 Angstroms (foot and mouth 
disease) to several thousand (cow pox). Plant 
viruses, such as the tobacco mosaic virus, are 
apparently simpler than bacterial viruses, can 
sometimes be crystallized, and may consist of a 
large single molecule. 

Mr. Pollard’s researches have involved the 
destruction of viruses by bombardment with 
deuterons from a cyclotron, and a measurement 
of their effective cross sections. It is concluded 
that a single hit on a plant virus is sufficient to 
inactivate it, but that the bacterial viruses have 
regions not inactivated by a direct hit. The 
observations are consistent with a rod-structure 
for plant viruses, and a rod-structure with a head 
for the bacterial viruses. (Secretary’s abstract.) 


1347TH MEETING 


The 1347th meeting was held in the audito- 
rium of the Cosmos Club, May 4, 1951, Vice- 
President McNitsu presiding. 

Program: Gorpon F. Hutt, Dartmouth Col- 
lege and the Office of Naval Research: The 
properties of microwaves——The lecture was a 
demonstration lecture in which the similarities 
between the physical properties of three centi- 
meter microwaves and usual optical waves were 
pointed out. The microwave source was a cavity 
type resonating tube and the receiver of the 
crystal type. The reflecting and transmitting 
properties of various materials were first shown. 
To establish that microwaves could be made to 
interfere, Young’s double-slit experiment and a 
Michelson Interferometer were assembled. The 
beam splitter for the interferometer was made of 
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a system of equally spaced wires and the full 
reflecting plates were of brass. Alternate in- 
creases and decreases in the signal could easily 
be heard when one of the brass plates was moved 
slowly in one direction. Fresnel and Fraunhofer 
diffraction were both detectable when various 
restricting apertures were used. A Fresnel zone 
plate made from a series of concentric sheet 
metal rings showed focusing properties which 
could easily be detected. To show that micro- 
waves could be refracted, a large paraffin prism 
and a prism constructed from a series of parallel 
equally spaced triangular plates were used. The 
paraffin prism had a refractive index greater than 
unity while the parallel plate prism had an effec- 
tive refractive index less than unity. It was 
shown also that lenses could be made either from 
refractory materials or from a series of plane 
parallel metal plates of the correct shape. The 
properties of birefringent materials were discussed 
and both quarter and half wave plates were 
made. In closing, Mr. Hull showed some specially 
prepared plywood samples having quite striking 
transmitting characteristics. (Secretary’s abstract.) 
1348TH MEETING 

The 1348th meeting was held in the audi- 
torium of the Cosmos Club, May 18, 1951, Vice- 
President McNIsH presiding. 

Program: Louis N. Ripenour, University of 
Illinois: Present and future trends in electronics.— 
Electronics may be said to have had its birth 
with the invention of the 3-element ‘“audion”’ 
vacuum tube by De Forest in 1906. This was, 
of course, based on the Edison effect of 1883, 
almost the only truly scientific discovery of the 
great inventor. The Fleming valve was another 
antecedent of the “audion” also. There were 
spurts of activity during both world wars, with 
radio broadcasting following the first and popular 
television the second. The greatest total output 
of electronic equipment was in 1944 when about 
4.5 billion dollars worth of equipment was pro- 
duced. The number of television receivers in 
operation, estimated at about 10,000 in 1946, is 
now about 13 million, with a production capacity 
of about 8 million a year realized in 1950. In 
radio and television receivers quality and re- 
liability are definitely sacrificed in favor of low 
prices; in the telephone system the reverse is 
true, where submerged repeaters, for example, 
may be expected to remain in operation 20 years 
without attention. Electronic equipment is still 
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not sufficiently reliable for central office switch. 
ing or for local line repeaters. The trend in equip- 
ment is to reduce the size of the chassis and the 
vacuum tubes. Since power dissipation is not 
much changed temperature rises are higher. 

The approximate limit of complexity seems to 
have been reached in the ENIAC digital com- 
puter and the transcontinental telephone line, 
each of which involves the functioning of about 
18,000 vacuum tubes. The announcement of the 
transistor in 1948 by Bardeen and Brattain of 
the Bell Telephone Laboratories gives promise 
of a more reliable and satisfactory element than 
the vacuum tube. Mr. Ridenour closed by pre- 
dicting that, whereas the vacuum tube permits 
machines about 100 times as complex as mechani- 
cal elements, this number may be raised by 
another factor of 100 if we can get rid of vacuum 
tubes by some such device as the transistor. 

It was announced that the meeting was the 
last of the season and that Friday night would 
continue to be the regular meeting night next 
season, in view of a mail vote of the membership 
which gave a preference of 100-45 for Friday. 
(Secretary’s abstract.) 

1349TH MEETING 

The 1349th meeting was held in the audi- 
torium of the Cosmos Club, October 12, 1951, 
Vice-President McN1su presiding. 

Program: R. E. Grsson, Johns Hopkins Uni- 
versity Applied Physics Laboratory: An intro- 
duction to the natural philosophy of guided missiles. 
—Mr. Gibson, a former president of the Society, 
pointed out that our Society was founded in an 
era when it was possible for one man to under- 
stand, discuss, and even make valuable con- 
tributions to several distinctly different branches 
of science. As the Society has grown older the 
various sciences have grown apart in becoming 
more and more specialized. However, in the mid- 
twentieth century a reverse trend has become 
apparent, and because of the development of 
unifying generalizations there is less need of pure 
memory of facts than formerly. This makes it 
possible to consider again natural philosophy, 
which includes an understanding and an organ- 
ized basis for explaining the phenomena of 
nature. An accelerated growth in technology has 
also been accompanied by great progress in 
scientific understanding. 

Weapons—amilitary tools for a specific purpose 
have had as their aim the removal of the fight- 
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ing man further and further from actual hand-to- 
hand contact. The effort is to strike a blow and to 
avoid retaliatory blows. Logical development of 
antiaircraft artillery and of intercepter planes 
was bound to lead inevitably to the guided mis- 
sile. Two features of missile research are the 
necessity for simulation of flight conditions by 
wind tunnels, vacuum chambers, and models and 
the extensive use of telemetering. A demonstra- 
tion of telemetering was presented and moving 
pictures of take-offs of several types of guided 
missile. (Secretary’s abstract.) 


1350TH MEETING 


The 1350th meeting was held in the auditorium 
of the Cosmos Club, October 26, Vice-President 
McNIsH presiding. 

Program: Francis O. Rice, Catholic Univer- 
sity: Recent advances in free radical chemistry.— 
The existence of free radicals was demonstrated 
experimentally for the first time by Paneth in 
1929 who was able to remove a lead mirror by 
free methyl radicals in a stream of gas. Since 
then a number of free radicals have been studied. 
They include: methy] (CH;), methylene (CHs), 
ethyl (C2H;), hydroxyl (OH), imine (NH), and 
several others. They are stable, with dissociation 
energies exceeding 100 kcal per mole in most 
cases. However, they are extremely reactive. The 
methy!] radical combines with itself to form ethane 
so rapidly that its half life is only about 6 milli- 
seconds. The methylene radical similarly forms 
ethylene in about the same time. Combination 
of free radicals with metallic mirrors a few atoms 
thick is a reaction often used in studying them. 
This reaction will not proceed if the metallic film 
is thick enough to form crystallites or if the sur- 
face is contaminated. Free radical theory has 
been very successful in explaining the amounts 
of hydrocarbons in equilibrium with each other 
at high temperatures. 

If the imine radical is condensed on a tube 
maintained at liquid air temperatures a vivid 
blue solid of unknown structure and composition 
is formed. This undergoes a transition to a white 
solid, ammonium azide (NH,N3), with the 
evolution of heat at a temperature of —125°C. 
A demonstration of these solids and the transi- 
tion was presented. Colors in the atmospheres of 
some of the planets may have a similar origin. 


(Secretary’s abstract.) 
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1351sT MEETING 

The 1351st meeting was held in the auditorium 
of the Cosmos Club, November 9, 1951, Vice- 
President McNish presiding. 

Program: ARTHUR E. Ruark, Johns Hopkins 
Institute for Cooperative Research: How to under- 
stand relativity —Mr. Ruark, former Correspond- 
ing Secretary of the Society, described experi- 
ments conducted by one observer Robert in a 
frame of reference F and other experiments 
conducted by another observer Mack in a frame 
of reference F' moving along the x-axis of frame 
F with a velocity V. The results of the experi- 
ments conducted by Robert should be found to 
be the same as the results of the experiments 
conducted by Mack, including determinations 
of the velocity of light by each observer. The 
consequences of this statement, which partakes 
somewhat of the nature of an assumption or 
axiom, are the Lorentz transformation, the Fitz- 
gerald contraction, and the other familiar results 
of relativity theory. 

Attention was given to the electromagnetic field 
of a charge in uniform motion, and to the be- 
havior of simple clocks, as for example a particle 
rotating about a center with a uniform angular 
velocity, as observed by Robert and by Mack. 
The difference in the clock-readings of the two 
observers is exactly balanced by the difference 
in measured distances, to give the same measured 
velocity of light. There was also discussion of a 
comparison of the times of events separated in 
space and of the synchronization of separated 
clocks. (Secretary’s abstract.) 


1352D MEETING 


The 1352d meeting was held in the auditorium 
of the Cosmos Club, November 30, 1951, Vice- 
President McNisu presiding. 

Program: KENNETH S. Coe, National Naval 
Medical Center: Progress in biophysics.—The 
speaker pointed out that biophysics can be 
traced back to ancient origins and that many 
men well known for their contributions to classi- 
‘al physics had conducted investigations in 
biological physics as well. These included such 
men as Gilbert, Hooke, Franklin, Galvani, 
Young, Brown, Poiseuille, Mayer, Fick, Helm- 
holtz, Maxwell, and Weber. Of these Gilbert, 
Young, Poiseuille, Mayer, and Helmholtz actu- 
ally had M.D. degrees. It is not generally re- 
membered that Hooke was the originator of the 
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theory of biological cells or that Franklin first 
proposed that the body was cooled by the heat 
of evaporation of perspiration. 

Modern biophysics, as compared with bio- 
chemistry, for example seemed to make relatively 
slow progress prior to World War II. Since then 
there has been a considerable increase in activity 
and some appreciable accomplishment. Three 
branches may be recognized: fundamental, ap- 
plied, and technical. In fundamental biophysics 
studies are made of physical problems in biology. 
Certain questions are asked by performing a 
certain experiment and certain answers are given. 
A well-trained physicist is usually required to 
formulate the questions to ask and to interpret 
the answer that is given. Illustrative examples 
are nerve currents, the nature of cell-membrane, 
rise of sap in trees, the sphericity of sea urchin’s 
eggs, and the physical characteristics of muscle. 
Applied biophysics has been concerned with such 
topics as brain waves, skin temperatures, physics 
of the ear, and cybernetics to mention a few. 
Technical biophysics has called on physicists to 
design, build, and operate physical tools for the 
biologist. 

The book American men of science lists only 
49 men claiming a major interest in biophysics; 
about 140 more claim it as a secondary or tertiary 
interest. However the teaching of biophysics is 
expanding rapidly and there are about a dozen 
institutions now granting a Ph.D. in biophysics. 
(Secretary’s abstract.) 


1353D MEETING 


The 1353d meeting, the 8ist annual meeting, 
was finally called to order by Vice-President 
McNish at 8:52 p.m. on December 14, 1951, in 
the auditorium of the Cosmos Club. Circum- 
stances were most unusual. Owing to a severe 
storm and general disruption of transportation, 
only 17 members were present. Owing to the 
absence of the Secretary no report was presented. 

The Treasurer’s report, presented by Mr. Car- 
roll, showed expenditures of about $1,673 and a 
net gain for the year of $650. The number of 
members of the Society was reported to have 
increased during the year from 541 to 560. The 
Auditing Committee’s report was favorable. 

The report of the Committee on Elections was 
as follows: 

President: A. G. McNisu 


Vice-Presidents: A. I. Manan, 8. E. Forsusu 
Corresponding Secretary: B. L. W1Ltson 


WASHINGTON 


ACADEMY OF SCIENCES’ VOL. 42, No. 10 


Treasurer: T. J. CARROLL 
Members at Large of General Committee: 
L. Marton, H. C. BEAMAN 


Program: E. R. Priore, Office of Naval Re- 
search: The mobilization of American science. 

13547H MEETING 

The 1354th meeting was held in the auditorium 
of the Cosmos Club, January 4, 1952, President 
MeNIsu presiding. 

Program: R. B. Kersuner, Johns Hopkins 
University Applied Physics Laboratory: Founda- 
tions of arithmetic.—Arithmetic, as commonly 
taught, has been little more than a compendium 
of observed facts regarding numbers. Modern 
advances perhaps should be treated as number 
theory. Numbérs originated as a series of differ- 
ent grunts. Questions of how far and how long 
were answered by comparison with standard 
lengths by counting the number of standard 
lengths in the unknown. Fractured standards 
then led to fractions and debits led to negative 
numbers. Geometry was given axiomatic treat- 
ment by Euclid and this has persisted ever since. 
Number theory, however, was almost nonexistent 
until it become obvious after 1800 that funda- 
mental concepts had to be clarified, since direct 
contradictions were being obtained. Careful 
definition of fundamental terms and ideas was 
required, and this had to be followed by proof of 
the existence of the terms defined. 

Dr. Kershner stated that the basic undefined 
terms in number theory could be reduced to two, 
namely: “set of elements” and “ordered pair.” 
He showed how these could be used to define rig- 
orously the concepts Cartesian product, relation, 
function, and operation. 

A scientific arithmetic is made possible by 
these definitions. Three axioms suffice to set up 
the set of positive integers, for example. They 
are: (1) for every element in the set there is a 
successor; (2) no element has the integer 1 as 
successor; and (3) any subset containing the 
integer 1 and satisfying the first two axioms is 
identical with the set of positive integers itself. 
All the operations.of integers commonly regarded 
as intuitive can be defined in terms of these 
axioms. (Secretary’s-abstract.) 


1355TH MEETING 


The 1355th meeting was held in the auditorium 
of the Cosmos Club, January 18, 1952, President 
MeNIsu presiding. 
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Program: H. K. Harriine, Johns Hopkins 
University: The electrical activity of optic nerve 
fibers.—The speaker pointed out that the cells 
which make possible the existence of an animal 
in a complex environment are those of the cen- 
tral nervous system. The entire nervous system 
is the aggregate of living cells having long fila- 
mentous nerve fibers a few microns in diameter. 
The function of these fibers, which display ir- 
ritability developed to a remarkable degree, is 
to transmit signals over long distances in the 
animal. A stimulus on the far end sets up local 
chemical changes which produce local electrical 
currents. These, in turn, stimulate adjacent 
regions. This process proceeds at a rate of many 
meters per second. Since the wave passing along 
a nerve fiber is accompanied by small electrical 
disturbances, the response can be measured. The 
nature of the response to an external influence 
such as visible light is such that either trains of 
discrete impulses all rather uniform in size are 
transmitted or nothing at all is transmitted along 
a given fiber. The sensibility of nerve fiber is ex- 
tremely limited and each fiber responds to only 
one kind of signal. Thus many different kinds of 
fibers, each of which responds to only one stimu- 
lus, are required. 

Measurements of the response of the optic 
nerve fibers of the king crab, squid, and house 
fly were described. By reducing the area of the 
spot of visible light falling on the receptor element 
of the eye of the crab it is possible to stimulate 
a single cell. Oscillograms showing the signals 
transmitted from the receptor along the nerve 
fiber for steady and intermittent light of different 
intensities were shown. The delay between the 
stimulus and the electrical response was shown 
and it was pointed out that the eye obeys the 
reciprocity law better than photographic plates 
for short flashes of light. Single element receptors 
were shown to respond to a range of intensity of 
10‘ compared to the range of 10° for the more 
complicated human eye. Experiments in which 
a weak electrical current is passed through an 
optic nerve fiber attached to a receptor stimu- 
lated by light of low intensity show the two effects 
are additive provided the polarity is correct. 
Some fibers respond steadily to prolonged light, 
some only at the beginning and ending of the 
interval of illumination and others only at the 
end of the interval. The signals from individual 
receptors pass along fibers to junctions of various 
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types of neuron cells where the information from 
different cells is compared and processed before 
being transmitted to the brain. (Secretary’s 
abstract.) 


1356TH MEETING 


The 1356th meeting was held in the auditorium 
of the Cosmos Club, February 1, 1952, President 
McNIsu presiding. 

Program: Kurt 8. Lion, Massachusetts In- 
stitute of Technology: Physics in vision and 
fatigue.—Since there is no agreement on the 
definition of fatigue, it is not surprising that 
different laws relating to fatigue are found when 
different types of test are used. The main ques- 
tion seems to be whether the observer insists on 
some direct type of experiment or whether he 
allows measurement of some associated phe- 
nomenon. Carmichael and his coworkers have 
taken the former viewpoint, while Lukiesh and 
his collaborators have made observations of the 
latter type. Following the idea of Parry Moon 
that visual fatigue is muscular, the researches 
conducted by the speaker have been concerned 
with the 6 extrinsic muscles rotating the eyeballs 
about a vertical axis. It is found that a potential 
difference between the temples is developed as 
the eyes rotate. It is found to be closely propor- 
tional to the angle of rotation, zero when the eyes 
are looking straight ahead, and reverses polarity 
when they are moved from left to right. Poten- 
tials up to about 30 microvolts are found. Re- 
corders with associated electronic circuits are 
arranged to give position, velocity, and accelera- 
tion, the latter being obtained by the use of 
differentiating circuits. 

It is found that the actual velocity is constant 
to a first approximation, lower average velocities 
being obtained as a series of steps with no change 
of position between the steps. Motion toward the 
center was found to be at least 30 percent faster 
than motion away from the center. The in- 
dividual is unable to control the actual velocity 
by conscious effort. From the fact that the 
acceleration records show no decrease with con- 
tinued rotation of the eyes it is concluded that 
there is no decrease of force and consequently no 
fatigue of the muscles. There is thought to be 
considerable feed-back of some by-products of 
muscular activity (1) on the muscle itself and 
(2) on the central nervous system which is the 
motivating cause of the muscle action. No corre- 
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lation between the blinking rate and fatigue is 
found. Both visual and nonvisual tasks show a 
falling off of accuracy with decreased levels of 
illumination. (Secretary’s abstract.) 


1357TH MEETING 


The 1357th meeting was held in the auditorium 
of the Cosmos Club, February 15, 1952, President 
McNish presiding. 

Program: J. W. Beams, University of Virginia: 
Some recent developments in the production of high 
rotational speeds and their application—The 
pioneer work of Svedberg and Nichols led to the 
development of the self-balancing ultracentrifuge 
in 1934. With this equipment molecular weights 
can be determined over the complete range from 
2, for hydrogen, to hundreds of millions, for some 
viruses. Commercial ultracentrifuges are now 
available and are approaching the stage of push- 
button control. For accurate work it is now 
recognized that studies of the rate of sedimenta- 
tion are inadequate and equilibrium must be 
attained. Accurate temperature control, some- 
times for several days, is required. 

High rotational speeds are obtainable from 
synchronous motors with magnetically supported 
rotors and with rotating magnetic fields furnished 
by currents from oscillators. At 20,000 revolu- 
tions per second the speed can be maintained 
constant within 1 part in 10 million. The friction 
and windage can be reduced so much that a free- 
spinning rotor will decelerate at the rate of only 
about one revolution per second per day. Many 
different types of experiments can be performed 
with mirrors rotating at these speeds. 

Studies have been made of the adhesion and 
tensile strength of thin films on the surfaces of 
high-speed rotors. The tensile strength is inde- 
pendent of thickness until a certain critical thick- 
ness is reached. Below the critical thickness the 
tensile strength increases rapidly as the thick- 
ness is decreased. Other studies have been made 
of the mobility and identification of ions in elec- 
trolytes. Balls as small as 1 mil. in diameter can 
be rotated at ultra-high speeds. (Secretary’s 
abstract.) 

1358TH MEETING 

The 1358th meeting was held in the auditorium 
of the Cosmos Club, February 29, 1952, President 
MceNIsu presiding. 

Program: Exras Burstern, Naval Research 
Laboratory: Optical properties of diamond, sili- 


JOURNAL OF THE WASHINGTON ACADEMY OF SCIENCES 


VoL. 42, No. 10 


con, and germanium.—After discussing the elec- 
tron configurations of the three substances, the 
speaker presented graphs of the absorption as a 
function of wavelength. Attention was also given 
to the dielectric properties, refractive indices, 
and energy levels. The specific impurity, as yet 
unidentified, present in type I diamonds gives 
absorption in the region 6-10 microns as well as 
that which is easily accounted for as being due to 
lattice vibrations. It is transparent in the far 
infrared and consequently is useful for windows 
in infrared equipment. Germanium has useful 
transmission from 2-15 microns and probably 
also at wavelengths greater than 40 microns. 
Absorption measurements give information con- 
cerning the semiconducting states present in the 
different materials and about the processes in- 
volved. The mobility of electrons in a semicon- 
ductor is found to be about three times that of 
“holes” involved in conduction. (Secretary’s 
abstract.) 


1359TH MEETING 


The 1359th meeting was held in the auditorium 
of the Cosmos Club, March 14, 1952, President 
McNish presiding. 

Program: THORNTON PaGE, Operations Re- 
search Office, Johns Hopkins University: Density 
of matter in the unwerse.—The speaker sketched 
the early astronomical developments by which 
the observations of Brahe led to the formulation 
of Kepler’s Laws, particularly the one stating 
that the cube of a planet’s distance from the sun 
is proportional to the square of its period. New- 
ton’s work showed that the sum of the masses of 
the sun and the earth was a factor of the propor- 
tionality constant. This leads very directly to 
conclusion that the ratio of the sum of the masses 
of a pair of binary stars to that of the sun is the 
ratio of the cube of their distance of separation 
(measured in units of the earth-sun distance) to 
the square of their period (measured in units of 
the earth’s period). This is the basis for getting 
the masses of double stars and even of galaxies. 
The rotation period of a spiral nebula, for ex- 
ample, has been nieasured as a few hundred mil- 
lion years by observation of the Doppler shift of 
different portions. The masses of the galaxies, 
calculated in this manner are 10° to 10" the 
mass of the sun. There are other types of calcula- 
tion which give values more nearly 10" times the 
mass of the sun. 
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Mr. Page in the past 5 years has been checking 
the differential radial velocities of pairs of 
galaxies and has shown that they are not zero in 
general. Thus far he has studied 20 pairs, but 
hopes to extend the observations to 40 pairs or 
more. The mean mass resulting thus far is 80 x 
10° times the sun’s mass—one-third of them 
being 4-5 X 10° and another third being over 
200 x 10% (Secretary’s abstract.) 


1360TH MEETING 


The 1360th meeting was held in the auditorium 
of the Cosmos Club, March 28, President Mc- 
NIsH presiding. 

Program: HerMAN YaGopa, National Insti- 
tutes of Health: The mesons of cosmic-ray physics. 
—These particles were first predicted by Yukawa, 
a Japanese physicist, as being necessary for the 
conservation of energy and momentum in calcu- 
lations he was making. He predicted an unstabie 
particle with a mass of 140 times the electron mass 
and a half-life of the order of half a microsecond, 
with an electron and a neutrino as the decom- 
position products. Independently Anderson and 
Neddermayer found by direct experiment parti- 
cles of both positive and negative charges inter- 
mediate in mass between that of the electron and 
proton (hence the name meson—intermediate 
particle). 

The new technique of measuring ionizing 
tracks in photographic emulsions has expanded 
very greatly the observation of mesons. It now 
appears that there are mesons of several different 
masses. Some of those mentioned had masses 
about 270, 960, 1200 (Pi-mesons or pions) and 
2300 (Mu-mesons) electron-masses. Their life 
times are very short. 

An informal communication was presented by 
A. T. McPherson who spoke on behalf of the 
Washington Academy of Sciences on the encour- 
agement of science in the high schools. He pointed 
out that in 1944 13 per cent of the local high- 
school students were enrolled in science courses, 
but in 1952 this figure had dropped to only 6 per 
cent. Other employment has attracted many of 
the best physics teachers and there is a real 
dearth of encouragement to the students. The 
Academy is establishing a register of working 
scientists who will give advice, counseling, and 
talks to secondary school students and teachers. 
He offered the opportunity to enlist in this effort 
to members of the society. (Secretary’s abstract.) 


PROCEEDINGS: PHILOSOPHICAL SOCIETY 


343 


1361sT MEETING 


The 136lst meeting of the Society was the 
occasion of the twenty-first Joseph Henry Lec- 
ture and was held in the auditorium of the Cos- 
mos Club, April 18, 1952, President McNis# 
presiding. 

Program: SypNEY CHAPMAN, Oxford Univer- 
sity: Meteors and meteorites (published in this 
JOURNAL 42: 273-282. 1952). 

1362D MEETING 

The 1362d meeting was held in the auditorium 
of the Cosmos Club, April 25, 1952, President 
McNIsh presiding. 

Program: A. I. Manan, Naval Ordnance 
Laboratory: Some of the geometrical, physical, 
and physiological properties of light—Mr. Mahan, 
Vice-President of the Society, presented a demon- 
stration lecture on some properties of light. After 
a few introductory remarks on the wave theory 
of light, the small portion of the electromagnetic 
spectrum that is visible was singled out as the 
realm of the talk. The sensitivity curve of the 
eye was shown against a color background of the 
visible spectrum. Experiments on the continuous 
spectrum of a tungsten lamp and the line spec- 
trum of a high-pressure mercury are were demon- 
strated, using color filters and a transmission 
diffraction grating, singly and in combination. 
A striking illustration was offered by the illumi- 
nation of various colored papers by these two 
light sources. Polarization by refiection was also 
demonstrated. 

Some physiological phenomena were illustrated 
by the negative after-image effect yielding com- 
plementary color changes and the positive 
after-images obtained by looking into a photo- 
flash. This last experiment allowed the audience 
to watch a sequence of fascinating color changes 
for some minutes. 

Lens aberrations were discussed in terms of 
patterns yielded by confining illumination pen- 
cils to various aperture zones. After photographs 
of the effects were shown, the phenomena were 
demonstrated. 

The principle of Schlieren images was discussed 
and demonstrated with the aid of an electric 
soldering iron. Slides of such images obtained in 
wind tunnel studies were shown. (Secretary’s 
abstract.) 
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1363D MEETING 

The 1363d meeting was held in the auditorium 
of the Cosmos Club, May 9, 1952, President 
McNIsu presiding. 

Program: THomas H. Jonnson, Atomic 
Energy Commission: The place and future of 
organized research in modern society.—The speaker 
regarded Federal support of fundamental re- 
search as in a somewhat precarious position, 
because of a lack of appreciation and under- 
standing on the part of the general public. The 
people, unlike the scientists, are not clearly 
aware of the benefits of such research. Congress, 
in its appropriations, must reflect the desires of 
the average person. Support is not easily obtained 
in years when there is need for-an expenditure of 
100 billion dollars and heavy taxes yield only 
half that amount. The Federal Government has 
not been a source of support of fundamental 
research in the days before World War JI, unlike 
other national governments. 

Against this background the Bush Report in 
1945 and the Steelman Report a few years later 
outlined patterns which finally culminated in the 


National Science Foundation in 1950. The 


appropriations for the Foundation have been so 


small as to place severe limits on its effectiveness 
and there has been substantial support of funda- 
mental research by the Atomic Energy Commis- 
sion, in those fields where it could be justified, 
and by the Office of Naval Research. The former 
Agency is devoting about 12 million dollars to 
basic research out of a total of 800 million dollars 
allocated to research and development. 

It seemed to the speaker unwise at the present 
time to entrust the whole major responsibility 
for basic research to the National Science Founda- 
tion, an agency financially dependent on the 
general public’s appreciation of the importance 
of basic research. Constant efforts should be 
made by scientists to increase this appreciation 
and to make clear the reasons why basic science 
requires support not accorded equally to art, 
literature, and music, for example. (Secretary’s 
abstract.) 

1364TH MEETING 

The 1364th meeting was held in the auditorium 
of the Cosmos Club, May 23, 1952, President 
McNish presiding. 

Program: FRANKLIN V. Taytor, Naval Re- 
search Laboratory: Research on man-machine 
systems.—Typical problems arose in World War 
II in connection with gunsight operation. It was 
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found that operator errors were partly due to 
the fact that the equipment was not designed to 
fit the man. For example, some dials were in- 
accessible when the operator was in a position 
to read the indicators; both clockwise and 
counterclockwise dial rotations were used to 
increase a variable, etc. 

Psychologists were asked .to help redesign 
equipment so that ordinary men could operate 
it. This led to the concept of “anthropomechani- 
cal” or “‘man-machine”’ systems, where the hard- 
ware is one component and the operator the 
other component of an over-all system. Design- 
ing of such systems is called “engineering psy- 
chology” or “human engineering.” 

The engineer’s picture of the over-all system 
as a servomechanism or as an_ information- 
handling channel naturally lead to a demand 
that the psychologists measure the “human 
transfer function” so that the engineers could 
treat the operator as a “black box’’. One of the 
basic problems is that man’s “black box’’ is 
definitely nonlinear in operation, in fact it is in- 
termittent as a follow-up device. (This inter- 
mittency was brought out in an earlier address 
before this Society by K. 8S. Cole.) 

The concept of compatibility between control 
and display was discussed and some experiments 
relating the effect of compatibility on reaction 
time and error were described. It has been found 
that compatibility (similarity, in the cases shown) 
is so important that a good control paired with a 
bad display gives worse results than a control 
which is normally poor, but is compatible with 
the given display. The same results were found 
with the roles of control and display interchanged. 

A practical example of applied engineering 
psychology was presented. A man operating a 
tracking device that has a time lag preceding 
the display has a tendency to develop violently 
oscillating corrections. It requires considerable 
training to achieve even passable operation. A 
corrective network between the control and dis- 
play, via an additional mixer or comparison cir- 
cuit, so that there is no lag in the operator’s 
knowledge of what his control is doing, stabilizes 
the over-all system. The lag between the actual 
operation and the display is still present. 

In conclusion, the speaker offered the hope 
that a long term result of this marriage of psy- 
chology and engineering will be a better under- 
standing of man’s behavior. (Secretary’s abstract.) 

L. A. Woop, Recording Secretary. 
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